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voltage tuned oscillator 
digital display 
grounded-grid matching 
phase-shift networks 


• cabinet construction 






PORTABLE... MOBILE... BASE STATION 

the TEMPO 

SYNCOM SI 

t/3B ffyj DOES IT ALL 

-? J -"3 and gives you 


TEMPO PRESENTS THE WORLD'S FIRST 
SYNTHESIZED 800 CHANNEL HAND HELD 
TRANSCEIVER 


This amazing pocket sized radio represents the year’s 
biggest breakthrough in 2-meter communications. 

Other units that are larger, heavier and are similarly 
priced can offer only 6 channels. The SYNCOM'S price 
includes the battery pack, charger, and a telescoping 
antenna. But, far more important is the 800 channels 
offered by the SI. 

The optional touch tone pad adds greatly to its 
convenience and the addition of a Tempo solid state 
amplifier adds tremendously to its power. 

SPECIFICATIONS SUPPLIED ACCESSORIES 

Frequency Coverage 144 lo 148 MH/ Telescoping whip antenna ni-cad batlery 

Channel Spacing Receive every 5 kHz, pack, charger 

transmil Simplex or OPTIONAL ACCESSORIES 
•600 kHi Touch tone pad S55 • Tonebursl 

Power Requirements 9 6VDC generator S29 95 • CTCSSsub- 

Current Drarn 17 ma-standby audible tone control S29 95 • Rubber 

500 ma-lransmit Ilex antenna $8 • Leather holster 

Batteries 8 pieces ni-cad $16 • Cigarette lighter plug mobile 

batlery included charging unit $6 • Matching 30 watt 

Antenna Impedance 50 ohms output 13 8 VDC power amplifier |S30) 

Dimensions 40 mm x 62 mm x $89 • Matching 80 wait output power 

165 mm (16 x 2 5" amplifier (S80l 
x 6 5") 

RF Output Better than 1 5 watts 

Sensitivity Better than 5 microvolts 

Price... $349 00 With touch tone pad $399 00 

TEMPO VHF & UHF SOLID STATE 
POWER AMPLIFIERS 

Boost your signal. . . give it the range and clarity ol 
a high powered base station. VHF (135 to 175 MHz) 

Drive Rower Output Model No Price 

2W 130W 130A02 S209 

10W 130W 130A10 $189 

I 30W 130W 130A30 SI 99 

2W 80W 80A02 Si 69 

10W SOW BOA 10 $149 

30W 80W 80A30 SI 59 

2W 50W 50A02 Si 29 

2W 30W 30A02 S 89 

UHF (400 to 512 MHz) models, lower power and FCC type 
accepted models also available 


Top vi«w 
•howing control* 


’Shown With .trri'VMUV !»**» h four |».«l 


The Tempo line also features a fine line of extremely 
compact UHF and VHF pocket receivers They're low priced, 
dependable, and available with CTCSS and 2-tone decoders 
The Tempo FMT-2 & FMT-42 (UHF) provides excellent 
mobile communications and features a remote control head 
for hide-away mounting 

The Tempo FMH-2. FMH-5 & FMH-42 (UFH) hand held 
transceivers provide 6 channel capability, dependability and 
many worthwhile ‘eatures at a low prioe FCC type accepted 
models also available 

Please call or write for complete information Also available 
from Tempo dealers throughout the U S and abroad 




11240 W Olympic Blvd Los Angeles Calif 90064 21 3 477 6701 
931 N Euclid Anaheim Calil 92801 714/772 9200 

Butler Missouri 64730 816/679-3127 


Mbtvct lo • h,»rnj#« without notice 








FROM THE COMPANY MMYTW (V 

LONG LINE OF RTTY 


RVD-1002 
1st RTTY 
Video Generator 




DKB2010 

1st RTTY & MORSE 
Keyboard 


RVD-1005 
Improved RTTY 
Video Generator 



1974 


ST6000 



The FIRST Automatic Send-Receive Electronic 
Terminal for Baudot, ASCII, and MORSE 

• Type and edit your message while receiving 

• 200 line storage • 24 line screen 

• Non volatile and programmable HERE-IS 

• Internal real-time clock • RTTY and CW ID 

• WRU answer back • Upper and lower case ASCII 


High-performance 
RTTY Demodulator 


DS3000 KSR Version 3 

1st 3-mode Amateur Send-Receive Terminal 

tor Baudot, ASCII, and MORSE 


ST5000 

Low-cost, Big-performance 
RTTY Demodulator 


DS3000 KSR Version 2 
1st Microprocessor 
Controlled Amateur Equipment 
with Editing for Baudot & ASCII 


$1995.00 


m 


HAL COMMUNICATIONS CORP. 

Box 365 

Urbana, Illinois 61801 
217 367-7373 


In Europe contact: 

Richter & Co.: Hannover 
I.E.C. Interelco; Bissone 


Call or write 
for complete 
new catalog 









hi cun grandmaster 

new: memory keyers 

At $139.95 this MFJ-484 GRANDMASTER 

memory keyer gives you more features per dollar than any other 
memory keyer available - and Here’s Why . . . 


MFJ INTRODUCES THE 


WEIGHT CONTROL TO PENETRATE 
ORM PULL TO COMBINE MEMORIES 
A AND B FOR 1. 2. OR 3 FIFTY 
CHARACTER MESSAGES. xJP 


MESSAGE BUTTONS SELECT DESIRED 25 CHARACTER MESSAGES. 


MU 
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SPEEO CONTROL. 8 TO 
50 WPM PULL TO 

RECORD, 


LEDs (4) SHOW WHICH 
MEMORY IS IN USE AND 
WHEN IT ENOS 


""“v.-« D1 I • • Hit 1 


fua Mctao 
»UV< Ji*" 


TONE CONTROL. 
PULL TO TUNE 


VOLUME CON 
TROL. POWER 
ON OFF 


DELAY REPEAT CONTROL 

(0 TO 2 MINUTES) PULL 
FOR AUTO REPEAT. 


LEO INDICATES 
DELAY REPEAT 
MODE. 


RESETS MEMORY IN 

USE TO BEGINNING 


MEMORY SELECT: POSI 
TIONS 1. 2, 3 ARE EACH 
SPLIT INTO MEMORY SEC 
TIONS A. B. C. D (UP TO 
TWELVE 25 CHARACTER 
MESSAGES) SWITCH COM 
BINES A AND B POSITION 
K GIVES YOU 100, 75. 50. 
OR 25 CHARACTERS BY 
PRESSING BUTTONS A. B. 
C. OR 0 


NOW YOU CAN CALL CO. SEND YOUR QTH, 
NAME. ETC.. ALL AUTOMATICALLY. 

And only MFJ oilers you the MFJ 484 
Grandmaster memory keyer with this much 
taxability at this price 

Up to twelve 25 character messages plus 
a 100. 75. 50. or 25 character message 
(4096 bits total). 

A switch combines 25 character messages 
lor up to three 50 character messages 

To record, pull out the speed control, touch 
a message button and send. To playback, 
push in the speed control, select your mes 
sage and touch the button. That’s all there 
is to it! 

You can repeat any message continuously 
and even leave a pause between repeats (up 
to 2 minutes) Example: Call CO Pause. Lis¬ 
ten. II no answer. It repeats CO again. To 
answer simply start sending LEO indicates 
Delay Repeat Mode 


Instantly insert or make changes in any 
playing message by simply sending. Continue 
by touching another button 

Memory resets to beginning with button, or 
by tapping paddle when playing. Touching 
message button restarts message. 

LEDs show which 25 character memory is 
in use and when it ends 

Built-In memory saver. Uses 9 volt battery, 
no drain when power Is on. Saves messages 
in memory when power loss occurs or when 
transporting keyer. Ultra compact, 8x2x6 
inches 

PLUS A MFJ DELUXE FULL FEATURE KEYER. 

lambic operation with squeeze key. Dot dash 
insertion 

Dot-dash memones, sell completing dots and 
dashes, lamproot spacing, instant start (ex 
cept when recording) 

All controls are on front panel: speed, 
weight, tone, volume. Smooth linear speed 


control. 8 to 50 WPM. 

Weight control lets you adjust dot-dash- 
space ratio, makes your signal distinctive to 
penetrate ORM 

Tone control. Room filling volume. Built-in 
speaker 

Tune (unction keys transmitter lor tuning 

Ultra reliable solid state keying: grid block, 
cathode, solid state transmitters (- 300 V. 
10 ma. max., + 300 V. 100 ma. max.). 
CMOS ICs. MOS memories Use 110 VAC or 
12 to 15 VDC Automatically switches to ex 
ternal batteries when AC power is lost. 
OPTIONAL SOUEEZE KEY 
lor all memory keyers 
Dot and dash paddles have 
fully adjustable tension and 
spacing lor the exact "leer you like. Heavy 
base with non slip rubber teet eliminates 
"walking" $29.95 plus $2 00 lor shipping 
and handling 


THIS MFJ-482 FEATURES FOUR 25 OR A 50 AND TWO 25 CHARACTER 

• Speed, volume, weight, MESSAGES. 

tone controls + _ (l CI I 

• Combine memory switch S Q Q “ O I * '* * . * /f " I 

• Repeat, tune (unctions ^ ^ I • Of fjf (J> . Ij 

• Built-In memory saver *— _J 

Similar to MFJ 484 but with 1024 bits ol memory, less delay repeat, 
single memory operating LED. Weight and tone controls adjustable Irom 
rear panel 6x2x6 inches. 110 VAC or 12 to 15 VDC 


THIS MFJ-481 GIVES YOU TWO 50 CHARACTER MESSAGES. 


Repeat function 
Tune function 
Built-in memory saver 


*79 95 




Similar to MFJ 482 but with two 50 character messages, less weight 
controls Internal tone control Volume control is adjustable Irom rear 
panel 5x2x6 inches 110 VAC or 12 to 15 VDC 


Call toll-free 800 - 647-1800 


Order any product from MFJ and try it. It not delighted, return within 30 days for a prompt refund (less shipping). 

Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shipping/handling. 

For technical Information, order/repair statue, In Mississippi, outside continental USA, call 601-323-5869. 

Order By Mall or Call TOLL FREE 800-647-1800 and Charge It On ^5? 

MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MISSISSIPPI 39762 
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a second look 

by Jim Fisk 


This is the time of year when many high-school seniors are scurrying around, planning their future 
education, sending applications off to the college of their choice, and taking entrance exams. 
Seniors who are also Radio Amateurs are probably considering a career in electronics. If they're 
lucky, they will have a knowledgeable guidance counselor who can steer them in the right direction; 
if not, they'll probably pick a school with a good reputation and work from there. Sometimes this 
works out, and sometimes it doesn't — it depends entirely on what the student is looking for. 

Electrical and electronics engineers who graduated more than ten years ago would probably not 
recognize the engineeering curriculum now offered by their old alma mater because, in the past few 
years, there have been significant changes in engineering education. During the 1960s the classical 
engineering educational programs tended to become more and more theoretical oriented, with less 
emphasis on applied engineering. The backgrounds of some electrical engineering staffs changed 
from being primarily applied electronics to applied mathematics, and attempts to develop practical 
engineering programs were not all that successful. In recent years, however, some engineering col¬ 
leges have restructured their curriculums for a better balance between the theoretical and the prac¬ 
tical. On the other hand, some colleges have continued to stress the theoretical aspects of engineer¬ 
ing science, so the prospective student is faced with a very important, but difficult, choice. 

Not too long ago, the prestige of an engineering school was almost always gauged by the 
theoretical emphasis of its courses; each school tried to outdo the others in the theoretical 
sophistication of its curriculum. Unfortunately, the majority of jobs within the sphere of electronics 
engineering does not require such an advanced mathematical sophistication as they do a "gut" 
understanding of electronics. If you talk to students at a theoretical school, you'll find that many of 
them don't know how to solve a simple steady-state ac problem, although they can invert a matrix 
and use state-variable techniques. 

The difficulty with this type of engineering education is that graduates are not adequately prepared 
to solve the day-to-day engineering problems they will be presented with in industry. Employers are 
faced with the prospect of several months of on-the-job training before the newly hired engineer 
becomes a fully contributing member of the staff. Obviously, a new engineer who can solve pro¬ 
blems quickly and practically in the real world is a valuable asset. 

In the 1970s several colleges introduced four-year electronic technology programs in an attempt to 
get back to the old practical engineering concept; the courses at these colleges emphasize electronic 
hardware and laboratory techniques as well as electrical theory. Although graduates of these 
Bachelor of Science Technology programs have been pictured as fitting into the occupational spec¬ 
trum somewhere between the technician and the engineer, many professors see technology 
graduates as having much wider employment opportunities. In fact, technology graduates now have 
opportunities in many areas of electronic applications and design traditionally occupied by engineer¬ 
ing graduates, jobs vacated because of the change in emphasis in engineering education programs. 

Students who are interested in this type of engineering program should be aware that there is a 
wide difference in B.S. programs parading under the "Technology" banner. Some curriculums are 
managerially oriented, others are slanted toward applications and design, while still others are little 
more than two-year electronic technician training programs with added courses in the arts and 
humanities to fill out four years. Students who wish to enter this area should obviously choose a 
school carefully to be sure they get exactly what they want. 

Jim Fisk, W1HR 
editor-in-chief 
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IC- 701 , Your Synthesized Passport 


Enter the exciting world of HF DX with 
ICOM’s outstanding, fully synthesized 
IC-701. Globe-spanning QSO’s are as 
easy as hook-up and tune-in. Complete 
installation requires only a good 50 Ohm 
antenna and an AC power plug-in. Your 
IC-701 comes with everything else you 
need for beginning DX transmissions, in¬ 
cluding the matching IC-701PS external 
speaker and power supply, the fine 
SM-2 base microphone, and even two 
built-in VFO’s. 


built-in RF speech processor. This makes 
your 200 watts sound like so much more 
that we recommend you leave the speech 
processor on all the time. 

For adding on frequency memory and 
remote frequency control, the IC-701’s 
synthesizer is completely compatable 
with ICOM’s RM2 remote computer con¬ 
troller: and with ICOM’s optional EX1 
extention, you can operate with the RM2 
and a linear amplifier at the same time. 


Turn on the power, and the world’s at 
your single fingertip. The IC-701 lets you 
scan all the Amateur HF bands from 
160M to 10M (plus some MARS coverage 
above and below some of the Ham 
bands) with one finger. No more fool¬ 
ing around with two or more tuning 
knobs, and no complicated retuning 
when you QSY 

When talking on your IC-701, you get a 
200 watt PEP input signal whose punch is 
significantly increased by the high quality 


Nothing else matches the value and ease 
of the IC-701. Plunge into the excite¬ 
ment of HF DX now, and get the 
whole HF world with ICOM’s IC-701 
LSI system. 




NFrVNE/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT 




ICOM WEST, INC. 

Suite 3 

13256 Northrop Way 
Bellevue. Wash 98005 
(206) 74 7-9020 


DISTRIBUTED SV: 


ICOM EAST. INC. 

Suite 307 

3331 Towerwood Drive 
Dallas. Texas 75234 
(214) 620 2780 


ICOM CANADA 

7087 Viclona Drive 
Vancouver B C V5P 3Y9 
Canada 
(604) 321-1833 




















metric dimensions 

Dear HR: 

The meter is a widely used unit of 
length abroad. It is convenient only in 
that fractions and multiples are 
decimal. As a specific unit of length 
it is as arbitrary as the foot; for refer¬ 
ence, see the NBS history book 
Measures for Progress. Navigators 
use the international unit of distance, 
the nautical mile (based on the 
earth's equator), rather than the re¬ 
sult of two French surveyors' efforts 
in measuring the distance from Paris 
to Marseilles. 

There are times when metric meas¬ 
urements are useful, other times 
when other standards are better. 
Having used so many different stan¬ 
dards for so long, I am not really 
partial to all-metric or all-other. For 
construction and items used therein 
it would seem advisable to state the 
local measurement (depending on 
the author's location and supply) 
first, then the conversion. For ex¬ 
ample, the W7DI antenna in the 
November issue used tubing from a 
U.S. supplier. It comes in standard 
diameters in inches. The same for 
plumbing pipe. One is hard pressed 
to make a supplier understand milli¬ 
meters or centimeters. It would seem 
reasonable to state such dimensions 
in inches first with cm or mm in 
parentheses. If DK1AG had written 
the article it would seem reasonable 
to expect the local German dimen¬ 
sions first, then inches. I am referring 
mainly to those dimensions where 
specific material is widely available. 


A sheet of plywood in the United 
States is going to be 4 by 8 feet for a 
long while to come. Three-quarter- 
inch plumbing is going to remain % " 
for a long time — in fact, any material 
used in the building trades can be 
expected to remain in established 
dimensions for the next ten years — 
perhaps longer. Many electronic 
items also remain in the "English" 
standard. Most numerous are the 
ICs. They remain rooted on the 0.05- 
inch (1.27-mm) grid for a simple rea¬ 
son: The United States started it and 
uses millions of them every year. 
And many are fabricated in metric 
countries. 

There are a host of other stan¬ 
dards. Why the 1%" increment on 
the height of rack panels? Think of 
how long those have persisted. Some 
rack panel heights have varied, but 
the 19-inch (42.3-cm) width is still 
here. Quarter-inch (6.4-mm) shafts 
are common. Fasteners are de¬ 
scribed in threads per inch with 
roughly arbitrary diameters; both 
U.S. and foreign types should be 
differentiated. Consideration should 
also be given to the enormous num¬ 
ber of United States types in use and 
made each year. 

The scientific community remains 
in both camps and is not certain on a 
few items. There is increasing use in 
optics of the nanometer instead of 
the Angstrom, for example. Seimens 
has yet to replace mhos. Parsecs, 
kilometers (why not megameters?), 
and light-years seem to be inter¬ 
changeable in astronomical dis¬ 
tances. At least to NASA. 

We have made the transition from 
tubes to transistors but tubes are 
still here. I believe that a double stan¬ 
dard can continue, and should do so 
if certain material is in common sup¬ 
ply in the author's country; con¬ 
temporary literature should reflect 
that fact. 


It is difficult for all to go completely 
metric, both for editor and author. 
We will continue to write on 21.6 
by 27.9 cm paper using 3.94 pitch, 
double-spaced. I am awaiting delivery 
of a new IBM typewriter with a 38.1- 
cm carriage and dual pitch (4.72 for 
correspondence). If it bothers me, I'll 
just pour a glass of milk from the 
1.89-liter carton. 

Leonard H. Anderson 
Sun Valley, California 

Mr. Anderson's view of metrification 
is reasonable and well stated. The 
response we received to our boxed 
"metrics only" editorial which ap¬ 
peared with W7DI's article in the 
November issue was both immediate 
and loud. Based on the letters which 
have crossed my desk during recent 
weeks, ham radio will be using both 
metric and English dimensions in our 
magazine articles for the foreseeable 
future. W1HR 

zip-cord feedlines 

Dear HR: 

The article on zip-cord feedlines in 
the April, 1978, issue and the follow¬ 
up comments in October brought 
back some old memories. I first 
heard of lamp-cord around 1930 
(twisted-pair in those days) from the 
Globe Wireless operators who used it 
for transmission line to their "noise 
reducing" receiving antennas. Later 
there were a number of articles in the 
Amateur magazines on how to use 
lamp-cord transmission lines for 
both receiving and transmitting di¬ 
poles; it provided a reasonable match 
to the feedpoint impedance. Lamp- 
cord may have been a little lossy, but 
the early forms of coax which came 
into use a few years later was not all 
that good either! 

Wayne W. Cooper, AG4R 
Miami Shores, Florida 
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Instant recall. 


I (and with 10 or 25 watts of power) 



Kenwood offers you a choice. 

The TR-7600 (10-watt) or TR-7625 (25-watt) with 
optional RM-76 Microprocessor Control Unit. 


TR-7600 and TR-7625...one of them 
is sure to fit the needs of today's 
Amateur Operator who's looking for 
optimum versatility in a 2-meter FM 
transceiver. And, when either rig is 
combined with the RM-76. a whole new 
dimension unfolds in channel memory 
and scanning capability. Here's what 
you get: 

TR-7600 AND TR-7625 (ONLY) 

• Memory channel with simplex or 
repeater (+600 kHz transmitter offset) 
operation 

• Mode switch for operating simplex or for 
switching the transmit frequency up or 
down or for switching the transmitter to 
the frequency you have stored in the 

1R 7600 or TR 7625's memory (while the 
receiver remains on the frequency you've 
selected) 

• Digital frequency display (large, bright, 
orange LEDs) 


• Dual concentric knobs lor fast, easy 
selection of any 2 meter frequency, in 
100 kHz and 10 kHz steps 

. Full 4 Ml lz (■ iverage (144 ()()() 147 995) 
on 2-meters, 800 channels. 5 kHz offset 
switch, and MHz selector switch lor 
desired band (144. 145. 146. or 147 Ml lz) 

• UNLOCK indicator an LED that 
indicates transceiver protection when the 
frequency selector switches are improperly 
positioned or the PLL is not locked 

TR-7600 AND TR-7625 WITH RM-76 

• Store frequencies in six memories 
(simplex/repeater) 

• Scan all memory channels 

• Automatically scan up the band 
in 5-kHz steps 

• Manually scan up or down in 
5 kHz steps (or fast tune) 

• Set lower and upper scan 
frequency limits 

• Clear scan (lor transmuting) 


Stop scan (with HOLD button) 

Scan for busy or open channel 
Select repeater mode (simplex, transmit 
frequency offset (+600 kHz or +1 MHz) 
or one memory transmit frequency) 
Operates on 143 95 MHz simplex 
(MARS) 

Adaptable to all MARS frequencies 
Display indicates frequency (even while 
scanning) and functions (such as auto 
scan, lower scan frequency limit, upper 
scan limit, and error, i.e transmitting 
out of band) 

See the exciting TR 7600. TR 7625 
and RSI 76 now at any Authorized 
KENWOOD Dealer' 


tHU 


ENWOOD 
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TRIO KENWOOD COMMUNICATIONS INC 

1111 WEST WALNUT/COMPTON CA 90220 






JIM FISK, W1HR and Editor-in-Chief of ham radio and Ham Radio Horizons magazines, 
suffered a heart attack In late January. The following week Jim was out of intensive 
care, with vital signs stabilized and all indications good. He will, however, be in the 
hospital for two to three weeks and resting at home for another six to eight weeks after 
that. 

NOVICE USE OF 220-225 MHZ was proposed by the ARRL in a Petition for Rule Making sub- 
mi tted - to - EEe _ FCC^ In its petition, the League suggests that Novices be authorized A1, 

A2, and F3 privileges across 220-225 MHz, with a maximum input power of 50 watts. A 
Novice would not be able to set up and operate a repeater or auxiliary station, although 
he would be able to use one. 

In The Petition , the ARRL noted that the Commission had recently changed the character 
of the Hovice license from a short-term, nonrenewable "learner's permit" to a full-term 
renewable license. This, they noted, reduced one of the most serious former objections 
to Novice phone privileges, the tendency of some Novices to operate mostly or entirely on 
phone until their license expires, putting them off the air — often for good. 

FH In The 52.0-52.5 MHz segment of six meters was proposed in mid January by another 
ARRL Petition for Rule Making. This recommendation stems from a resolution to promote 
better use of the six-meter repeater sub-band. The resolution was passed unanimously at 
the board of directors July meeting. 

Responding In An unusually short time, the FCC assigned RM-3314 to the 220-MHz Novice 
proposal and RM-3313 to the six-meter FM petition. Comments on both RMs must reach the 
FCC before March 1. 

BROADCAST INTERESTS MAY THREATEN the U.S. Amateur Radio WARC position far more than 
the question of sharing 22(5 MHz with Maritime services. U.S. international broadcasters, 
not satisfied with the 865 kHz of new hf spectrum proposed for them in the Commission's 
carefully worked out WARC Report and Order, are now waging a behind-the-scenes battle to 
double that amount at the expense of other hf users. If they succeed, it will mean cuts 
for the other services, whose hf expansion was proposed in the U.S. position, and, in 
the process, it will destroy much of the carefully worked out agreement achieved by vari¬ 
ous government agencies and industry advisory groups during the past several years. 

The Broadcasters Position is supported in a joint separate statement of commissioners 
Washburn and Quello that's included in the WARC Report and Order. In it, the two commis¬ 
sioners note that the international broadcasters — specifically the International Com¬ 
munications Agency (Voice of America) and the Board for International Broadcasting (Radio 
Free Europe and Radio Liberty) — want international broadcasting to have another 800 kHz 
over and above the new 865 kHz already proposed for it. They also point out that the 
Executive Branch of the government has yet to make its final decision on the potentially 
explosive issue. 

WILSON ELECTRONICS HAS BEEN bought by Regency. The move puts Regency back into the 
Amateur Radio business it left early last year, though Regency itself plans to remain in 
scanners and marine radio while Wilson, operating under its present management, will con¬ 
tinue in Amateur and CB products. 

FCC'S PERSONAL RADIO DIVISION was abolished as part of a sweeping reorganization of 
the Safety and Special Services Bureau. In the reorganization. Safety and Special Ser¬ 
vices has been arranged functionally , rather than by service, into four divisions: Pol¬ 
icy Development, Rules, Licensing, and Compliance. 

Safety And Special Services previously had three "service" divisions. Personal Radio, 
Aviation, and Marine; Industrial Safety; and Public Service, all of which went out of 
existence in the reorganization. In addition, there had also been an Industrial and Pub¬ 
lic Safety Rules Division, plus a Legal, Advisory, and Enforcement Division. 

The Result Of The Change is expected to be an improvement in Safety and Special Ser¬ 
vices' overall efficiency, with much more flexibility in shifting workloads. What it 
will mean for the FCC licensees such as Amateurs is less clear. Improvement in such 
routine matters as license processing seems certain, but getting a question answered or 
discussing a problem might be more confusing than under the old setup. 

THE CHICAGO FM CLUB has just announced its First Annual "Call for Technical Papers 
Competition." The winning entry will receive $500 plus expenses (less transportation) 
for the best Amateur Radio oriented paper. To receive the prize, the winner must be 
present at Radio Expo '79 to present his paper and for the prize presentation ceremony. 

In addition, ham radio will consider buying and publishing the winning paper. The names 
of the winner and runner ups will be published in the September issue of ham radio . All 
entries must be received by June 1, 1979. A detailed set of rules and instructions and 
application forms are available from Radio Expo '79, Post Office Box 305, Maywood, Illi¬ 
nois 60153, or phone (312) 345-5252. 
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OMNI HAS IT ALL. All the advantages and capabilities, all the new 
conveniences and new levels ol performance you need, whatever your 
HF operating specialty All built-in, ready to use 

ALL SOLID-STATE. All the advantages ol total solid state from the 
pioneer of HF solid-state technology. Reliable, cool, stable — from 
receiver front-end to transmitter final 

ALL HF BANDS. From 160 through 10 meters (and all the crystals) plus 
convertible 10 MHz and "AUX" band positions for possible future needs 
AIL. BROADBAND. Band changing without tuneup — without danger 
to the final amp. 

ALL READOUTS. Choose OMNI A lor analog dial (1 kHz markings) or 
OMNI-D for six 0.43” LED digits (100 Hz readability ) 

All VOX AND PTT FACILITIES built-in, 3 VOX controls plus PTT 
control at front and rear jacks for external PTT switch 
ALL SQUELCH NEEDS for tuning and monitoring are built-in 
ALL FILTERS INCLUDED: 4-position CW/SSB filter (150 Hz 
bandwidth with 3 selectable skirt contours) plus 8-pole Crystal filter (2 4 
kHz bandwidth. 1.8 shape factor) 

ALL MODE SWITCH puts all filters to work In any mode 

ALL BREAK-IN: Instant or delayed receiver muting to fit any band 

condition or mobile operation. 

ALL- VERSATILE OFFSET TUNING; dual ranges. ±5 kHz range for 
off-frequency DX or iO.5 kHz range for fine tuning 
ALL-SENSITIVE RECEIVER: from 2 *tV on 160 m to 03 M V on 10 m 
(10 dB S + N/N) for ideal balance between dynamic range and sensitivity 
ALL OVERLOADS HANDLED; dynamic range typically exceeds 90 
dB and PIN diode switched 18 dB attenuator also Included for extra 
overload protection 

ALL LINEAR/ANTENNA BANDSWITCHING FROM FRONT 
PANEL; auxiliary bands witch terminals on back panel for external relays 
or circuits are controlled simultaneously by the OMNI bandswitch. 

ALL INTERFACE JACKS FOR PHONE PATCH: access to speaker 
and microphone signals 

ALL-LEVEL ADJUSTABLE ALC: set output from low power to full, 
retain low distortion at desired drive to power amp. 


ALL SIDETONE ADJUSTMENTS: pitch and volume 
ALL-POWERFUL. ALL-WARRANTED FINAL AMPLIFIER. 200 

watts input to final Proven design with full warranty for first year and 
pro-rata warranty for additional 5 years 

ALL 100% DUTY CYCLE. For RTTY. SSTV or sustained hard usage 
ALL-MODE POWER: basic 12 VDC for easy mobile use, external 
supplies for 117/220 VAC operation 

ALL FRONT PANEL MICROPHONE AND PHONE JACKS. 

Convenient. 

PLUS ALL THE OTHER HANDY BUILT-INS: "Timed" 25 kHz 
crystal calibrator in OMNI A with automatic 5-10 sec "on" lime for easy 
2-hand dial skirt adjustment Zero Beat switch lor placing your signal 
exactly on CW listening frequencies SWR bridge switches “S" meter 
to read SWR each time you transmit for continuous antenna monitor¬ 
ing Separate receive antenna capability. Dual speakers for greater 
sound at lower distortion Plug-in circuit boards for fast, easy field 
service. 

ALL-FUNCTIONAL STYLING. "Clamshell' aluminum case clad In 
textured black vinyl with complementary nonreflective warm dark metal 
front panel and extruded aluminum bezel and bail Convenient controls 
Complete shielding And easler-to-use size 5%'h x4V 4 ”w x 14"d 
AND ALL THE OPTIONS: Model 645 Keyer, Model 243 Remote VFO. 
Model 248 Noise Blanker, Model 252MO AC Power Supply 

Model 545 OMNI-A $899 Model 546 OMNI-D $1069 

Experience the all-encompassing HF world of OMNI See your TEN-TEC 
dealer or write for all the details 

ormo 

ItE INI-TEC INC 

■ ■ ■■ SEVIE RVILIC TENNESSEE 37M? 

tlPOftT $m ttWCOLN **» OMCAGO 111 MM* 


TEN-TECs “OMNI” FILLS 
ALL YOUR HF NEEDS 
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April 27, 28, 29,1979 I 

HARA ARENA AND EXHIBITION CENTER DAYTON, OHIO (I 


• Technical Forums 

• ARRL and FCC Forums 

• GIANT Flea Market 

• New Products and Exhibits 

• Grand Banquet 

• FCC Exams 


• Special Group Meetings 

• Fabulous Prizes 

• CW Proficiency Tests 

• Amateur of Year Award 

• Special Achievement Awards 

• Expanded Parking 


Information Brochure Available in March. 

FOR MOTEL RATES AND RESERVATIONS WRITE BOX 44, DAYTON, OH 45401 
OR CALL (513) 228-0016 9 A.M.-5 P.M. EST WEEKDAYS 

FOR OTHER INFORMATION CALL (513) 293-0459 — 5-10 P.M. EST 

Bring Your Family and Enjoy A Great Weekend in Dayton 

■ Sponsored by The Dayton Amateur Radio Assn., Inc., Box 44, Dayton, OH 45401 ■ 


NEW VISUAL CODE READER 
AND ELECTRONIC KEYER 


Works with any 
ksyer. including 
squeeze keyer in 
speeds from 7 
WPM to 40 
WPM Both in a 
single unit. 
Model CR101EK 
*249 


Iron* ATR0NICS 

Display letters numbers, and commonly used punctuation 
visually as Morse Code signal is received 
■ Operating speed 5 to 50 WPM at selected speeds 

• All Solid State 

* Makes code learning faster and easier 

A single connection to your receiver or transceiver speaker puis 
it into operation 

1 Hard copy read-out of CW available with TU-102 TTY interface 
Module accessory 

Our popular, lowest priced CODE READER KIT 

Model KCR101 . $149 

Ready made CODE READER Model CR101 $225 


BUY FACTORY DIRECT & SAVE! SEND FOR FREE LITERATURE 
, USE YOUR BANKAMERICARO OR MASTER CHARGE 


If 3 *- 1/ 4 KILOWATT 


LINEAR AMPLIFIER 


can be ordered for repeater application 
h| for additional information contact 

COMMUNICATIONS INC. 

1324 W 135TH ST GARDENA CA 90247 (213) 538 9814 


Canada LenbrooK industries. Lid 1145 Bellamy Rd Scarborough. Ontario M1H 1M5 
Export EMEC Inc . 2350 South 30lh Avenue, Hallandale Florida 33009 


The 2002 utilizes the latest state of the art engineering including micro- 
strip circuitry and modular construction The three final transistors 
combine to produce 250W when driven by 15W or more at 13 8VDC 


POWER INPUT 
5-20W Carrier FM or CW 
20W PEP maximum SSB or AM 

POWER OUTPUT 

200 2SOW earner FM or CW 
300W PEP SSB or AM 

FREQUENCY RANGE 
144 to 148 MHz* 

• will operate with slight 
degradation at 142 tSO MHz 


HARMONIC ATTENTUATION 
All Harmonics Attenuated 
60 dB or Greater 

CURRENT DRAIN 
FM-40 Amps (a> 250W 
SSB 30 Amps @ 300W PEP 

DUTY CYCLE 

FM 50% (a 1 SOW 33% (d> 250W 
SSB 60% <£) 150W S0% fa) 250W 

Model 2002 S499.00 


TPL proudly presents the first true power 1/4KW 
SSB/AM. FM or CW solid state 
2 meter linear amplifier 
A remote control plug allows 
u to operate with the ampli¬ 
fier ON or OFF. or in 
SSB/AM FM or CW 
from the dashboard 


LAGUNA HILLS CA 92653 


(714)830-6428 
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mn- 2700 2kW Matching Network 



rf radiation 
control and 
measurement 


a precision 
instrument 
providing 


for your 

communication 

system 


The Drake MN-2700 manages rf radiation in the areas of impedance match to the antenna, rf power 
measurement, VSWR measurement, reduction of harmonic radiation, and antenna selection. 



Drake B-1000 Baiun installed on Matching Network 



The Drake MN-7. Same features as the Drake MN-2700. 
but rated at 250 watts. Same width and height, but only 
8W (21.6 cm) in depth, and weighs 10 lbs (4 55 kg). 


160 thru 10 Meters Frequency Coverage— With out-of-band cover¬ 
age lor MARS, future band expansions and other applications 

Antenna Choice —Matches antennas fed with coax, balanced line, 
or random wire (For balanced line use optional Drake B-1000 Baiun, 
which mounts on rear panel of MN-2700.) 

Antenna By-pass Switching —Unique design allows unit to be 
switch-by-passed regardless of which antenna is in use. whether 
coax or wire type No need to manually disconnect feedlines. Switch 
also selects various antennas 

Extra Harmonic Reduction to help fight TVI —Drake Matching Net¬ 
works employ special "pi-network" low-pass filter type circuitry for 
maximum harmonic rejection This feature alone makes the MN- 
2700 a worthwhile investment; it is a Drake exclusive. 

Built-in Metering —Accurate rf wattmeter/VSWR bridge is pushbut¬ 
ton controlled from front panel 

Power Capability —2000 watts PEP. 1000 watts average Continuous 
Duty. 

Dimensions— 13%? W x x 13" D (33 26 x 11.5 x 33 cm), weight 

11 lbs (5 kg). 


PRICES 

Model 1539 Drake MN-2700 .$279.00 

Model 1538 Drake MN-7.$165.00 

Model 1510 Drake B-1000 .$ 24.95 


Prices and specifications subject to 
change without notice or obligation 


For a FREE Drake Full Line Catalog contact your favorite Drake Dealer 


R. L. DRAKE COMPANY 


DRAKE 


I® 


540 Richard St., Miamisburg. Ohio 45342 
Phone: (513) 866-2421 • Telex: 288017 











high performance small beams 


For antenna sizes 
up to that of the 
quad or three-element Yagi, 

there is no 
direct connection 
between size and gain. 

This article shows 
how to design 
small beams 
without sacrificing gain. 

In view of the urgent need for small beams, the 
number of them in use is remarkably small. In a re¬ 
cent sample of 14-MHz contacts with Australian 
amateurs, I found that eighty per cent of the sta¬ 
tions worked were using quads or three-element 
yagis; the remainder, the ones with the biggest sig¬ 
nals, had even larger beams, beyond the resources 
of most of us. There are, nevertheless, some smaller 
beams, such as the VK2ABQ and the capacitively 
loaded quad, 1 - 2 which usually give a good account 
of themselves. Of particular importance, in the pres¬ 
ent context, is the fact that some of the most out¬ 
standing signals observed during my 50 years as a 
licensed amateur have originated from stations using 
driven arrays with only two elements! 

The significance of this lies in the ease with which 
the performance of such beams can be calculated, 3 
and the fact that size comes into the calculations 
only when estimating the efficiency, which remains 
high for element sizes and spacings down to approx¬ 
imately 3 meters (10 feet). Translating this fact into 
practice has brought to light some interesting prob¬ 


lems, in particular the problem of overcoupling. That 
is so basic a problem that the absence of references 
to overcoupling in the literature suggests that no 
serious attempt has, until this time, been made to 
make beams as small as possible. 

To achieve this reduction in size, elements must 
be capacitively end-loaded, without resorting to lossy 
inductances. This involves large concentrations of 
metal, which, besides tuning the elements, also 
couple them very tightly together. Following the nor¬ 
mal behavior of coupled circuits, a large secondary 
(parasitic element) current and a small primary 
(driven element) current are generated, and there is 
virtually no beam action. Fortunately, I have found 
it quite easy to overcome this problem by neutrali¬ 
zation similar to that used in push-pull amplifiers. 

Another inevitable consequence, when small size 
is combined with high efficiency, is narrow band¬ 
width; this makes it essential to use separate feeders 
for each element so that fine tuning can be carried 
out in the shack. Also, this arrangement brings with 
it other important advantages. Since the beam is 
instantly reversible, less time is wasted in beam ro¬ 
tation, and , because less than 180 degree rotation is 
required, you can use low-loss, open-wire feed lines 
as well as simpler and cheaper methods of beam ro¬ 
tation. The direct relationship between the size and 
performance of large beams is well known, and some 
readers may find it difficult to accept that a small 
beam can be as good as a big one, particularly if 
those readers have experience with typical small 
beams using large loading inductances. The claim is, 
on the face of it, improbable, and one might think 
that it could be dismissed by invoking some general 
scientific principle, as in the case of perpetual mo¬ 
tion. Looking for such a principle we come instead to 
the surprising discovery that, although the gain of 
big beams is limited, there is absolutely no limit to the 
theoretical gain from an antenna, provided it is small 
enough I You would be justified in some skepticism at 
this point, since it turns out that gains much in ex¬ 
cess of 6 dB are impracticable unless the boom 
length is increased to half a wavelength or more. It is 

By Leslie A. Moxon, G6XN, 1 Stoner Hill 
House, Froxfield, Petersfield, Hants, England 
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possible, though, to go down in size to about 3 met¬ 
ers square (10 feet square) without dropping below 
about 4.5 dB gain. 

If such statements are found puzzling, it is prob¬ 
ably because of the failure in most of the literature to 
distinguish between two completely different meth¬ 
ods of beam formation, additive and subtractive. The 
subtractive method is typified by the W8JK array, 
and, as I have shown elsewhere, 3 - 4 most amateur 
high-frequency beams can be regarded as derived 
from or related to this array. The radiation patterns 
are calculable without using any variable other than 
the direction. Therefore, the gain is independent of 
size, provided the efficiency remains high enough to 
ensure that most of the power is radiated. It is this 
constraint, allied with the need for adequate band¬ 
width, which in practice limits the gain of subtractive 
beams to about 6 dB. 


DIRECTION OF 
RECEIVING STATION 


'i 


t-' 


BEAM 

DIRECTION 



fig. 1. In (A), the elements are fad 180 degrees out of phase 
so that the fields add in phase along the line at right angles 
to the elements. A receiver located 45 degrees off the main 
beam sees a phase difference corresponding to AC-AB, i.e.. 
54 degrees, causing a drop of 4 dB in signal level in addition 
to the 3 dB which would be expected for a single element. 
Thus, the use of two elements has produced a narrower 
beam by virtue of the wide spacing. For subtractive gain, as 
shown in (B), the elements are closely spaced. Radiation 
would be cancelled except for a small phase shift of which 
the maximum value corresponds to the distance AC, or 36 
degrees for a spacing of \/10. At 45 degrees to the beam, the 
phase shift is reduced by the ratio of AB to AC (11 degrees), 
which translates into a 3-dB drop in signal level. If the fields 
are additive in the wanted direction, the 11-degree shift is of 
no consequence and the radiation pattern becomes that of a 
single dipole. 



fig. 2. Method for estimating gain from the radiation resis¬ 
tance. Diagram IA), which is drawn to scale, shows how the 
W8JK element currents of 2.12 amps "add" to give the equi¬ 
valent of 1.61 amps in a single element. The currents are cor¬ 
rect for a radiated power of 72 watts. This would produce a 
current of 1 amp in a dipole, so that the voltage gain is 1.61, 
i.e. 4.2 dB. (B) shows how if one element is given a phase 
lead equal to the spacing, only about half as much current is 
needed to produce the same field strength. In each case, 
the current is obtained from / = sJP/R. 


The following discussion is intended to provide 
further insight into the problems of designing small 
beams, so that you can make your own choice from 
the available options and then design the "best- 
possible" beams for the space and facilities you have 
available. Practical details and some performance 
data are given for a number of designs, but these 
are intended as guidelines and not as blueprints. 
Although the feasibility of the 3 meter square (ten 
foot square) design has been proved, my own pref¬ 
erence, given the space, is a 5.2 meter square (17 
foot square) 3-element design, which, besides pro¬ 
viding slightly more gain and greater bandwidth, 
lends itself to a particularly light form of construc¬ 
tion and easier methods of achieving multiband op¬ 
eration. 

It is a strange paradox that the main advantages of 
increased size relate to operation at the higher fre¬ 
quencies, to the extent that considerable extra gain 
can be obtained at 28 MHz by using full-size, 14-MHz 
elements. For no reason that I can discover, this 
advantage is usually thrown away by using traps or 
nesting to "cut the elements down to size" at the 
higher frequencies. 

gain variation vs antenna size 

Gain results from concentrating the radiation in 
one particular direction at the expense of other direc¬ 
tions. This can be achieved by arranging more- 
effective addition or, as with the W8JK, less- 
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effective cancellation of radiation for the wanted di¬ 
rection. Addition requires wide spacing, as in fig. 
1A, where the elements are arranged so that their 
fields add in phase for the wanted direction. Viewed 
at an angle of 45 degrees to the line of fire, the ele¬ 
ments are closer together by 0.29 wavelength, which 
translates into a phase shift of 104 degrees and a 
corresponding drop of 4 dB in signal level. This drop 
of course, is in addition to the cos 9, or "angle to the 
wire" effect, which applies equally to beams and 
dipoles and amounts to - 3 dB at 45 degrees. But for 
the wide separation of the elements, there would 
be no phase shift, no narrowing of the radiation pat¬ 
tern, and hence no gain. 

On the other hand, given an array of n elements 
sufficiently far apart for mutual interaction to be 
ignored, we can provide each 1/n of the power. 
Since the voltages at the receiver add in phase, there 
is a power gain equal to the number of elements. 
Because the antennas have to be separated by at 
least \/2, it turns out, not surprisingly, that gain is 
proportional to size. During reception, such an an¬ 
tenna collects most of the energy contained in the 
volume of space which it occupies, thus giving rise 
to the concept of aperture, for which it is sometimes 
claimed "there is no substitute." It is perhaps diffi¬ 
cult to conceive that a tiny beam can collect as much 
energy as a big one, but the explanation lies in the 
high Q of the smaller antenna. Just as tuned circuits 
couple together more tightly when their Q is in¬ 
creased, so reduction in the radiation resistance is 
accompanied by "tighter coupling" of the antenna 
into the surrounding space. 

To understand the mechanism of small beams, the 
W8JK system shown in fig. IB is the easiest starting 
point. Radiation would be completely cancelled in all 
directions except for that caused by the phase shift, 
which results from the elements not being exactly 
the same distance from the receiver. Field strength 
is proportional to the apparent separation AB, which, 
like the radiation from a single element, varies as cos 
9. In simpler language, the field-strength, at a given 
distance and direction, is proportional to the appar¬ 
ent length multiplied by the apparent separation of 
the elements. The separation factor applies equally in 
a plane at right angles to the diagram, so that the 
radiation pattern of a horizontal W8JK array is given 
by cos 2 9 in the horizontal and cos 9 in the vertical 
plane. For a single horizontal wire, the pattern is cos 9 
in the horizontal plane and an omni-directional pat¬ 
tern in the vertical plane. The important point to note 
is that none of these patterns contain any reference 
to the dimensions, though we are of course assum¬ 
ing them to be small. In fact, the conclusion that gain 
is independent of size turns out to be accurate within 
about 0.5 dB for spacing up to \/4 and element 
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SPACfNG - WAVELENGTH 

fig. 3. Graphs for determining the radiation resistance of 
short elements. (A) shows the variation of radiation resis¬ 
tance with both end and center loading. The multiplying 
factor [see (B)] is used to give the sum of the radiation resis¬ 
tance for a pair of elements with \/8 spacing. For miniature 
beams, such as those shown in figs. 9 and 11, this approxi¬ 
mates to the impedance seen by the feeder going to the 
front element. The value for spacing is converted to the 
same angular units as the phase shift, which is relative to 
the condition 180 degrees out of phase. The third chart, (C), 
is an additional factor which is used if the spacing is other 
than \/8. 


lengths up to just over X/2. Up to these sizes, each 
element behaves in the same way, i.e., as a "point 
source" of energy. It is only when an element is very 
large that appreciable extra gain, or directivity, can 
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be expected, as for example when a 14-MHz element 
is used as two half-waves in phase on 28 MHz. It 
should be obvious from inspection that quad loops, 
even full-sized ones, do not meet this condition. 

To prove the point, there is no harm in treating the 
loops as a pair of stacked dipoles. Various hand¬ 
books provide data indicating that the stacking gain 
for \/4 spacing is only 1 dB. However, some of the 1 
dB is lost by bending over the ends, since a half¬ 
wave dipole has only a small gain (up to 0.4 dB) 
when compared with shorter dipoles; a further small 
amount is lost due to radiation off the ends. Even 
more is lost when parasitic elements are added, since 
the stacked dipoles then become stacked yagis, and, 
according to the usual rules, the higher the gain of 
individual antennas the further apart they have to be 
placed in order to achieve an appreciable stacking 
gain. 

It is unfortunate that many wild claims have been 
made for the quad, some of them involving profes¬ 
sional journals and computer studies. It needs to be 
stressed that measurements are very difficult and 
computers need to be asked the right questions. The 
habit of accepting figures without checking them 
against ordinary common sense is not confined to 
the Novice! In fact, as I have found, better low-angle 
gain is obtained by omitting the lower halves of quad 
loops and using the upper halves as inverted V or U 
elements. This increases the mean height by 2.4 
meters (8 feet) at 14 MHz; low-angle gain for a flat, 
unobstructed site being proportional to antenna 
height, this more than offsets any slight loss of free- 
space gain for heights up to about 21 meters 
(70 feet)! 



fig. 4. Gain and front-to-back ratio for the two elements, 
with and without losses. Loss resistance per unit of conduc¬ 
tor length is inversely proportional to diameter and directly 
proportional to the square root of the frequency. The figure 
of 0.6 ohm is based on a half-wavelength of no. 12 AWG (2.1- 
mm) wire having a sinusoidal current distribution at 14 
MHz. The element currents are assumed to be equal. The 
upper gain curve is for loss-free elements, while the lower is 
for 3.7-meter 112-foot) elements spaced at 2.4 meters t8 
feet). 


The real advantage of the quad is the large amount 
of extra gain (3-4 dB) obtainable by using the 14- 
MHz elements at 28 MHz with suitable resonators 
so that they become a "Bi-Square,” but this is rarely 
exploited. Another frequently made claim, that the 
quad provides better DX signals by "lowering the 
angle of radiation", is also without foundation; the 
lobes of practical antennas are too broad to dis¬ 
criminate between direct and ground reflected waves 
which must always interact in the same way, re¬ 
sulting in a loss at low angles unless the antenna is 
very high or the ground sloping. To obtain the effec¬ 
tive gain at a low angle of radiation, the free-space 
gain is multiplied by the ground reflection factor, 
which, for horizontal antennas, depends only on 
antenna heights and radiation angle, being the same 
for a quad, yagi, dipole, small rhombic, or even a 
minibeam! 

The 4-dB gain of the W8JK can be estimated very 
roughly from the 3-dB widths of the radiation pat¬ 
terns discussed earlier, or, more accurately, from 
mutual-impedance data. For X/2 dipoles spaced at 
\/8, mutual impedance is 64 ohms, which has to be 
subtracted from the self-resistance of 72 ohms so 
that for each element the radiation resistance is 8 
ohms. If the power available is 72 watts, you would 
have a current of 1 ampere in an ordinary dipole, or 
2.12 amps in each of the W8JK dipoles. The phase 
difference due to spacing is 45 degrees, and, by 
"completing the triangle" as in fig. 2, you'll see that 
the distant field is the same as that which would 
result from 1.61 amps in the dipole, i.e., there is a 
voltage gain of 1.61/1 or 4.2 dB. 

Now, if the phase of the current in one element is 
advanced by an amount corresponding to the spac¬ 
ing, the total phase shift becomes zero for one direc¬ 
tion and is doubled for the other direction. The re¬ 
sultant unidirectional (cardioid) pattern would re¬ 
quire only about half the current to produce a given 
field strength. It happens (by coincidence) that the 
gain is unchanged, so that the effective radiation re¬ 
sistance has been multiplied by about four, proving 
that the beam can be made a lot smaller with the 
same results. Fig. 3, adapted from references 3-6, 
shows how radiation resistance varies with element 
length, spacing, and phase angle, from which it can 
be seen that provided you shorten the dipoles by 
sacrificing the ends and not the middle, the length 
can be reduced to 37 per cent of a half-wavelength 
before the radiation resistance drops to its W8JK 
value, giving a length of only 37 meters (12 feet) at 14 
MHz. This reduction in size could be carried out by 
taking the W8JK beam and folding its ends to fit the 
available space. Whether or not the example can be 
improved upon, it does demonstrate that if the 
W8JK beam works properly you could expect to be 
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equally successful at 14 MHz with a 3.7 x 2.4 meter 
(12 x 8 foot) miniature beam which has been adjust¬ 
ed to give a large front/back ratio. 

Thus, changing the size does not alter the gain, 
but, obviously, if the length or spacing is halved, the 
current must be doubled to maintain a constant sig¬ 
nal, so that the radiation resistance has been divided 
by four. In the same way, you could alter the shape 
to just under 3 meters square (10 foot square) with¬ 
out affecting matters in any way, save that the diam¬ 
eter of turning circle is slightly decreased and it be¬ 
comes easier to handle the ends. 

Whatever shape is selected, radiation resistance 
may be obtained by multiplying the resistances plot¬ 
ted in fig. 3A by the factors obtained from figs. 3B 
and 3C. This is not quite the full story, since, as 
demonstrated by fig. 3 and 4, an extra dB of gain 
results from using an intermediate value of phase 
shift. However, this halves the radiation resistance 
and doubles any power loss. From the lower gain 
curves in fig. 4, it can be deduced that for a 3-meter- 
square (10-foot-square) 14-MHz beam, using no. 12 
AWG (2.1-mm) wire elements with bent ends, a net 
gain of 4.5 dB should be obtained after allowing for 
resistance losses. There may be a slight additional 
loss due to the "short dipole" effect mentioned, but 
this is caused by a small difference in the amount of 
endwise radiation and is much less in the case of a 
beam. 

To put this into perspective, the maximum gain 
theoretically possible for a three-element parasitic 
array on a quarter-wavelength boom is 7.5 dB, but 
in this case , the radiation resistance is only 4 ohms 
(even less than that of the small beam), and the max¬ 
imum gain normally found in practice 7 is less than 6 
dB. Theory goes on to predict a possible gain equal 
to the square of the number of elements, 3 but before 
getting far along this road you're faced with huge 
currents and voltages, infinitesimal radiation resis¬ 
tances, and microscopic tolerances to the 
extent that the 6-dB figure is unlikely to be exceeded 
in practical rotary beams for 14 MHz without in¬ 
creasing the boom length to at least X/2, which is 
sufficient to provide some "additive" gain. Reducing 
the size below 3 meters square (10 feet square) leads 
to a similar rapid increase of practical difficulties. 
And, as I shall point out later, there are substantial 
advantages, particularly for multiband operation, in 
an increase to about 5.2 meters square (17 feet 
square). 

Limitations on the reductions possible in antenna 
size result from the following: 

1. Drop in efficiency, i.e., the radiation resistance 
becomes comparable with the losses. This is basic 
and imposes a well-defined, practical limit. 



A Capacitance plates consisting of wire grids 
B Half-wavelength elements with folded ends. The length must 
be increased slightly to maintain resonance. 

C Small capacitance hats — the effective capacitance is en¬ 
hanced by near resonance with the inductors 
D A loop with capacitance hats. This is equivalent to a stacked 
pair of B-type elements with their ends in contact. 

E Center loading with an inductor 

F A half-wavelength element with a folded center. This is similar 
to E with a stub instead of the coil. However, the R values 
from fig. 3A are transformed by the stub to give an even 
lower value at the closed end of the stub. 

G Loop equivalent to E 
H Resonant feeders 

I Version of a two-band element as used by DL1FK. The capa¬ 
citor tunes the inductance of the center of the radiator to in¬ 
crease its effective value at the lower frequency. Series reso¬ 
nance of the capacitor with its connections shortens the elec¬ 
trical length for the higher frequency. 

J Lumped circuit equivalent of I as used in one form of the 
G4ZU minibeam. 

fig. 5. This figure shows ten different methods for loading 
short elements. The merits of each type are discussed in the 
text. 
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2. Narrow bandwidth — the acceptable lower limit 
depends on the skill of the designer and the skill 
plus patience of the operator. 

Short elements have to be loaded to bring them to 
resonance. The aim must be to keep the radiation 
resistance high, which requires end loading, and the 
loss resistance low, which rules out the use of lossy 
devices such as coils or long resonant feeders. Fig. 
5 shows ten methods that have been used, with only 
5A through 5D meeting the radiation resistance re¬ 
quirement. The others tend to be more convenient, 
but use the triangular tips instead of the center of a 
sine-wave current distribution, thus halving the 
average current and dividing the radiation resistance 
by four, besides requiring an inductive and therefore 
relatively lossy loading device in the center. Of these 
methods, 5F is open to least objection, since stubs 
have less resistance than coils; 5H is particularly bad, 
since it multiplies the losses of 5F by the total number 
of half-wavelength in the resonant system. Methods 
51 and 5J are used for multibanding, 8 which neces¬ 
sarily adds to the losses because of circulating cur¬ 
rents in the resonators. Methods 5E to 5H are there¬ 
fore applicable only for very modest reductions in 
antenna size. 

Of the remainder, 5C makes use of small end¬ 
loading capacitances which have their effective 
values greatly inflated by near resonance with the in¬ 
ductors. In one typical design, the total inductance is 



CONDUCTOR DIAMETER IN MILLIMETERS 


fig. 6. Bandwidth of folded \/2 wires at 14 MHz for different 
values of radiation resistance, plus loss resistance. The 
curves are calculated for an SWR of 2:1 at the band edges, 
neglecting any change in Z a caused by folding. For a coupled 
pair of elements, the bandwidth for a given R is increased 
slightly. 


about 14 ftH, so that for a Qof 200 the loss resistance 
would be 6 ohms and more or less comparable with 
the radiation resistance, the element lengths being 
3.7 to 4.3 meters (12 to 14 feet). Fig. 5A is ideal inso¬ 
far as there is negligible loss in the capacitance, but 
it is difficult to achieve enough loading, so that some 
inductance on the lines of 5C is likely to be required; 
in this case, however, it could take the form of short 
stubs and the losses would be minimal. Arrangement 
5B, consisting of a half-wavelength dipole with its 
ends bent over, is very similar, but simpler and equal¬ 
ly efficient. The bent ends are not, of course, pure 
capacitances and there are losses, but, as has been 
seen, this method allows high efficiency to be main¬ 
tained down to very small beam sizes. Efficiency can 
be estimated with the help of fig. 4. 

Another efficient type of small element is the capa- 
citively loaded loop shown in fig. 5D. Loops with 
3.2-meter (10.5-foot) sides have been used by 
G3YDX for a 14-MHz, two-element beam,2 and a 
design patented by G3IMX achieves two-band op¬ 
eration by using traps to remove the loading at the 
higher frequencies. For a single 3.7-meter (12 foot) 
loop, the radiation resistance is 75 ohms. About 20 
ohms could be expected for a 1.8-meter (6-foot) 
loop, the loss resistance (referred to the feedpoint) 
probably being about 2 ohms. My own attempt to 
compress a 14-MHz quad into a 1.8-meter (6-foot) 
cube was unsuccessful, but I still think it might be 
achieved with rigid, all-metal construction and in¬ 
ductive loading stubs, plus sufficient ingenuity. The 
problem is to dispose of enough loading in the space 
available. In this case, neutralization will certainly be 
required as the lower physical limit is approached. 
Neutralization will not be required with 3-meter (10- 
foot) loops, as sufficient loading can be achieved 
within the plane of the loops without bringing ends 
into proximity. 

It is important in all cases to arrange the loading 
so that wires carrying appreciable current are not 
doubled back in a direction parallel to the driven 
element, in which case they subtract from the 
wanted radiation, bringing the radiation resistance 
"down with a bump!" This constitutes one of the 
main problems of construction. 

bandwidth 

The bandwidth of a dipole may be roughly esti¬ 
mated from the radiation resistance (R) and the char¬ 
acteristic impedance (Z), which depends on the ratio 
of length to diameter. Each per cent of detuning 
produces a reactance of 0.015»Z ohms; and the 3-dB 
bandwidth points (corresponding to an SWR of 2:1) 
may be found by equating this to R. Bandwidths are 
plotted in fig. 6 for 14-MHz dipoles of various wire 
diameters. The figures should be valid, as an approxi- 
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fig. 7. The top illustration shows a practical arrangement for 
a 14-MHz phasing control. The beam reversing switch, 
though not shown, interchanges the feeders. This circuit 
may be usable to 28 MHz, but the inductance should be 
reduced to about 0.8 ^iH; some experimentation with values 
may be needed. The principle of operation is demonstrated 
by (B); as shown the load currents are equal and the ratio of 
X/R determines the phase shift. If, as is more usual, the 
loads are unequal, current equality may be achieved by 
adjustment of the reactances provided in (A). The com¬ 
ponents of (A) can also be rearranged as a tuner for a 
parasitic type of beam (see (C)]. 


mation, even when the dipoles are folded as in figs. 
5B or 5F. When two elements are assembled to form 
a beam, the bandwidth is reduced because of the 
drop in R, though, for a given value of R it is in¬ 
creased and could be almost doubled by virtue of 
the "coupled circuit effect." 

It is important to distinguish between three kinds 
of bandwidth: 

1. The pattern bandwidth — the bandwidth over 
which the radiation pattern and gain are satisfactory 

2. The bandwidth for satisfactory SWR 

3. The bandwidth over which the antenna is usable 


subject to adjustments that can be carried out with¬ 
out leaving the shack. 

To illustrate, one element of the first version of 
my small beam had an intrinsic bandwidth (as cal¬ 
culated) of about 450 kHz. The completed minibeam, 
using a parasitic reflector, had a useful bandwidth of 
only about 200 kHz; at one edge the front/back ratio 
had dropped below 8 dB and at the other edge the 
gain had dropped by 1 dB. In wet weather, due to an 
inadequately treated bamboo spider, the tuning 
shifted 200 kHz low, outside the desired range. In 
contrast, with the second version the useful band¬ 
width was only 130 kHz. However, it was desirable to 
keep within about 20 kHz of the tune-up frequency. 
But, by using separate feeders to each element, the 
beam was tunable to any frequency in the 14-MHz 
band either as a driven array or a driven element plus 
reflector. So, for practical purposes, despite the 
smaller intrinsic bandwidth, the useful bandwidth 
was greater. 

With the parasitic reflector, the phase-shift is re¬ 
lated to the ratio of reactance to the total resistance, 
R, of the reflector, and, in addition, must meet the 
requirement for reasonable gain in accordance with 
fig. 4. Although the actual relationship is much more 
complex, a rough idea of the bandwidth for useful 
performance can be obtained as follows. Referring to 
fig. 4, we might decide that performance is accept¬ 
able for values of phase shift from one half up to one 
and one half times the spacing, which means from 25 
to 75 degrees in the case of a spacing of 3 meters (10 
feet). At 25 degrees, the front-to-back ratio is down 
to 10 dB and the radiation resistance (fig. 3) is get¬ 
ting very low, while at 75 degrees the gain is down to 
3 dB. Phase shift is partly due to X, and partly to the 
mutual reactance between the elements, which, in 
this case, takes care (more or less) of the required 
mean value of 50 degrees. The maximum allowable 
shift of ±25 degrees occurs when X/R is roughly 
equal to this angle (measured in radians), i. e ., 
X = R/2. From fig- 3, El = 15 ohms and for 
Z = 1000 ohms (a typical value) a reactance R/2 
results from ±0.5 per cent detuning, i.e., the band¬ 
width is 1 per cent or 140 kHz, in good agreement 
with the observed figure of 175 kHz (i.e ., 
14.300-14.125) from fig. 10. 

The first version of the small beam was 3.7 meters 
square (12 feet square), which would be expected to 
double the radiation resistance and bandwidth; in 
this case, too, the calculations are in line with the ob¬ 
served performance and there was good agreement 
in regard to the observed bandwidth for a 20-dB 
front-to-back ratio. From fig. 4, the theoretical 20 
dB points correspond to a change of ± 18 per cent in 
phase angle, or 36 per cent in reactance, i.e. , 6 
ohms, which translates into a bandwidth of 0.4 per 
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cent, or 56 kHz in comparison with a measured figure 
of 55 kHz; however, this must be regarded as coin¬ 
cidental, since both figures are very rough. 

phasing 

It is essential for the currents in the elements to be 
equal (or nearly so), as well as correctly phased. With 
parasitic arrays there is usually no independent con¬ 
trol of these quantities, though equality tends to be 
achieved in the case of quad reflectors. With X/2 
dipole elements the inequality, though it degrades 
the front/back ratio, does not upset gain to a serious 
extent. In contrast, the small-beam elements behave 
as overcoupled circuits resulting in large ratios of 
reflector to driven element currents. 

Neutralization allows the coupling to be reduced 
to any desired extent, so that it can be adjusted in 
conjunction with the tuning of the reflector to obtain 
equal currents with any required value of phase shift. 
In this way, very deep nulls can be obtained in one 
or more back directions without resorting to driving 
both elements. This is subject to a number of as¬ 
sumptions: For example, the neutralization, which 
has to be adjusted at ground level, must remain 
"right" when the antenna is raised to its full height, 
at all frequencies, and in all types of weather. 

A driven arrangement with provision for adjust¬ 
ment of phases and amplitudes is obviously more 
versatile and allows compensation for considerable 
errors in tuning or neutralization, but the methods 
usually employed for driven arrays are based on false 
assumptions that are particularly disastrous in the 
case of small beams with reactively coupled ele¬ 
ments. It is usually assumed, for example, that 
\/8 of line provides a 45 degree phase shift — which 
is true if the lines are perfectly matched. But often 
there is little attempt at matching, which will, in any 
case, be upset if the phasing is adjusted. A further 
difficulty is that for the elements to have equal im¬ 
pedances the mutual coupling between them must 
be a pure resistance, a condition that applies in prac¬ 
tice only for straight X/2 elements spaced just over 
\/8. This, incidentally, is an important special case 
since it is then easy to calculate gain and radiation re¬ 
sistance. 3 ' 5 Having established that gain is inde¬ 
pendent of size, the numbers obtained can be ap¬ 
plied to other sizes on the basis of fig. 3. 

If there is capacitive reactance coupling, as hap¬ 
pens with wider spacing or miniature elements, the 
radiation resistance of the reflector may be zero or 
even negative, in which case its feeder returns more 
power to the transmitter than it receives! Matching 
is clearly impossible under these conditions. The 
method I use, which can take various forms, 6 9 is 
based on resonance; in fig. 7, the two feeders are 
connected through a series-resonant circuit and the 
complete system, minus the connection to the 



fig. 8. Original version of the small beam showing one ele¬ 
ment plus the neutralizing wires. The elements are identi¬ 
cal, with a wire length of 11.4 meters (37.3 feet). For initial 
adjustment, one element without the feeder may be tuned 
as a parasitic reflector, in which case the length is about 
10.9 meters (35 feet, 10 inches). The elements and neutraliz¬ 
ing capacitors are made from no. 14 AWG (1.6-mm) wire, 
but the delta match and neutralizing cross connections can 
be made of a lighter gauge wire. The spider projects beyond 
the elements, which are suspended by lengths of polyethy¬ 
lene cord. 

transmitter, is made resonant. Phase-shift is ob¬ 
tained by off-center connection of the feedline from 
the transmitter. If necessary, element currents can 
be made the same by detuning the series circuit so 
that one element or the other is brought closer to 
resonance. Matching should be carried out to reduce 
the SWR in the line to the forward element, a high 
SWR in the reflector line being of no importance as 
there is very little power transferred along it. Cross¬ 
over of the elements as with the W8JK, though nor¬ 
mally essential with full-sized elements, is sometimes 
not required when coupling to highly reactive ele¬ 
ments. Using this arrangement, it has been possible 
to work with different or even unequal lengths of 
feedline, and to compensate for quite large errors of 
adjustment, though never to the extent of being able 
to use it as a substitute for neutralizing. The beam 
can be reversed either by interchange of feeders or 
moving the coil tap. It is possible, in principle, to 
null out from any given direction "off the back." A 
curious feature of reactive coupling is that, despite 
the remarkable effect it has on relative impedances, 
the sum of the two radiation resistances is not af¬ 
fected; for fig. 3 to have universal application, it was 
therefore necessary to plot the sum and not the in¬ 
dividual resistances. The sum is in any case a more 
useful figure for the present purpose since it is into 
this value that the feeder for the front element has to 
be matched (so that the antenna impedance is "re¬ 
peated" in the shack). It is often possible, particularly 
if the feeder length is a whole number of half wave¬ 
lengths, to use the phasing circuit with very little 
modification as a remote tuner for driven element 
and reflector operation (see fig. 7); this reduces the 
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fig. 9. Construction details for a 3-meter-square (10-foot- 
square) beam for 14 MHz. The front, plan, and side views 
are shown in (A), (8), and (C), respectively. In IB), the bow¬ 
string-type arrangement is used to counter the pull of the 
loading wires and to allow the use of lightweight elements. 
Each neutralizing capacitor, as shown in (C), is approxi¬ 
mately 0.6 meter (1.9 feet) long. If greater wire length is 
needed, additional wire can be added as indicated in (C). 


number of knobs and has proved more convenient 
in practice, provided the neutralization is reasonably 
accurate. It has been found that, although small dif¬ 
ferences can be compensated, care in making the 
elements identical pays big dividends in convenience 
of operation, since it allows beam reversal with no 
change of tuning or matching. One can tune for a 
minimum on either the wanted station or an interfer¬ 


ing signal from the back direction, using the revers¬ 
ing switch as required. 

practical designs 

Several construction methods have been used. 10 
Fig. 8 gives the dimensions of my first small beam, 
the elements being suspended by thin polyethylene 
cords from a six-armed spider made from bamboo 
garden canes which extended just beyond the wire. 
The two central arms were required to counter the 
inward pull of the folded sections. One element was 
driven using 300-ohm line with a delta match having 
series capacitors to tune out the reactance. I tried to 
tune the other for a null in the back direction, but 
this was barely perceptible. Current in the reflector 
was found to be higher than that in the driven ele¬ 
ment, so the neutralizing capacitance (formed by 
parallel wires) was increased by reducing the spac¬ 
ing, retuning the reflector, and adjusting the driven 
element for lowest SWR at each step. Eventually 
current equality and a good front-to-back ratio was 
achieved. At a height of 16.8 meters (55 feet) the 
antenna was compared with a two-element quad 
at 13.7 meters (45 feet) and appeared to be at least 
as good. 

Mention has already been made of bandwidth and 
wet weather problems. It quickly became obvious 
that two feeders would have to be used. To save 
cost, I used the transparent, plastic-type of 300-ohm 
line; lacking previous experience with it, I was un¬ 
prepared for the rapid deterioration, which caused a 
lot of confusion. Later, good results were briefly 
obtained using a pair of 600-lines. 

However, mechanical problems arose and the next 
step was a new design using metal construction 
with 3-meter (10-foot) elements made from 19-mm 
(0.75-inch) tubing. Short vertical rods at the ends of 
the elements (see fig. 9) act mainly as brackets for 
supporting wire zigzags. I found that, because of 
limited space, almost as much wire was needed as 
in the original design so that the use of tubing pro¬ 
vided no electrical advantage apart from getting rid 
of "wet weather" effects caused by the bamboo. To 
avoid the need for heavy-gauge elements, their ends 
were guyed back with polyethylene cord to the boom 
extensions, thus countering the inward pull of the 
loading wires. Two open-wire feedlines were used. 

Some typical measured performance figures are 
shown in fig. 10. On-the-air performance was down 
compared with earlier results, on average about 2 
dB; this might be due to the smaller size (radiation 
resistance being halved) in addition to closer prox¬ 
imity to tree branches, the mast being slightly shorter 
due to breakage and splicing! Another uncertainty 
arose from loss of the quad as a standard of refer¬ 
ence; the 3-element beam, though equal to the quad 
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in performance, was so placed that it tended to 
screen the smaller beam. I could not be certain that 
rotation to an end-on position was removing all this 
effect. From this, I felt that the best test for the small 
beam would be as a direct replacement for the larger 
one. Now, however, I used a new multiband version, 
the disposition and loading of the elements for 14 
MHz being as shown in fig. 11. 

For such tests my yardstick for many years has 
been another station using a TH6 at 11.6 meters (38 
feet) and with a slightly better location for VK (long 
path) over which most of the tests were made. With 
the small beam at 14.6 meters (48 feet), I was able, 
for the first time on record, to equal the signals of 
the other station on three consecutive days. Nor¬ 
mally with a quad at 12.1 meters (40 feet) I should 
be down in most cases by 1/2 to 1 S-unit. Added to 
the initial results of the first small beams, this would 
provide substance for a claim that small beams, 
given a few feet of extra height, are actually better 
than big ones! Unfortunately, such a claim could 
not be supported by theory or common sense, but I 
was confirmed in my belief that the small beam can 
be made fully competitive. 

Any type of feeder can be used, but, because of 
its lightness, good-quality 300-ohm line can be rec¬ 
ommended as an alternative to open-wire line. I 
have also used 50- and 75-ohm coax with 4:1 baluns 
and delta matches identical to the one shown in 
fig. 8. 

three-element beam 

A starting point for this development was the 
original VK2ABQ design 1 in which a quad loop lying 
on its side is converted into a two-element beam by 
insulators in the sides. The rather wide spacing 
(\/4) unfortunately means that performance is slight- 



FREQUENCY-MH! 

fig. 10. Typical performance of the 1-meter-square (10-foot- 
square) beam. All parameters were measured with the 
beamataheight of 2.1 meters (7 feet) and the reflector tuned 
for 14.2 MHz. The dotted curve shows the improvement in 
SWR after adding 10 cm (4 inches) to each end of both ele¬ 
ments and retuning the reflector for best front-to-back ratio 
at each frequency. Note: The gain curve is listed as dB down 
from the maximum. 


ly worse than the best that can be achieved with two 
elements, and it seemed logical to me to put a third 
element in the middle. No increase in the diameter of 
the turning circle dictated a maximum element length 
of 7.3 meters (24 feet). With some end loading by 
vertical rods and the use of linear resonators, I was 
able to design a triband element (see fig. 12) having 
almost as much radiation resistance as a full half¬ 
wavelength at 14 MHz, higher radiation resistance 
than a normal element at 21 and 28 MHz, a small 
amount of extra gain at 28 MHz, and no trap losses. 

Tubing was used for this element, but retention of 
bent wire elements for directors and reflectors made 
engineering sense, since these elements have 
less current flowing in them and a lot of cost and 
weight could be saved. The next step was to elimi¬ 
nate the quad spider by using the driven element as 
one diagonal of a square and making it support the 
ends of the parasitic elements which were now V 
shaped instead of U shaped and filled in the sides of 
the square as shown in fig. 12C. The other diagonal 
became the "boom" and consisted of two 2.4-meter 
(8-foot) bamboo garden canes joined by a length of 
aluminum, supporting the apex of the Vs. 

V-shaped elements are not suitable for multiband¬ 
ing by the methods used for the driven element, and 
ordinary traps would be unsuitable for suspension in 
wires supported by such a light framework, as well 
as being too lossy. I therefore used separate ele¬ 
ments for each band with their ends strung out to 
different points on the vertical loading rods of the 
driven elements in the hope that this way they might 
not get entangled! Though somewhat haywire, this 
arrangement has unexpectedly survived two severe 
storms and, although it needs a lot of tidying up 
mechanically, comes fairly close to the ultimate in 
lightness combined with high performance. Details in 
fig. 12 should assist any reader wishing to experi¬ 
ment on similar lines. Despite the larger size, the 
overcoupling problem was not completely avoided 
and there was some slight difficulty in adjusting the 
14-MHz reflector, but this was overcome by increas¬ 
ing the spacing slightly as indicated in fig. 12C. 

The linear resonators work as follows. 9 - 11 The in¬ 
ductance L ab of the central portion (AB) of the ele¬ 
ment is tuned to resonance by Cl so that it acts as 
insulator for 28 MHz, making the element two half¬ 
waves in phase. At 21 MHz, about half of C2 serves 
to eliminate the inductance by tuning it to parallel 
resonance, with the remainder used to series reso¬ 
nate the inductance (Lq) of the outer portions of the 
element, L AB and Lo chosen to be roughly equal. At 
14 MHz, the capacitors are virtually "not there," 
their values at 21 and 28 MHz having been inflated 
by series resonance with their connections, and con¬ 
sequently AB no longer acts as a tuning inductance 
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fig. 11. This is an alternative form of the beam shown in fig. 
9. In this case IA). the elements have been folded in a hori¬ 
zontal plane to avoid any vertical projections. The metal 
supporting strut in the center of the boom also serves as a 
21/28-MHz driven element in the multiband version. The 
detail shown in (B) illustrates the arrangement for multi¬ 
banding with linear traps. Moving the shorting bar from S to 
S' results in an improved trap for 28 MHz, but separate par¬ 
asitic elements must then be used for 21 MHz. For mono¬ 
band 14-MHz operation, the capacitors are omitted, but 
extra wire may be needed to obtain sufficient loading. The 
wire lengths, a, b. c, d, and e, are all equal and approxi¬ 
mately 35.6 cm (14 inches). Cl and C2 use the wire segments 
bs and sd to form the linear traps for 28 and 21 MHz respec¬ 
tively. 


but reverts to its normal role as the “middle portion 
of a dipole." This process is accelerated by mutual 
coupling between the capacitive and inductive 
branches of the resonators. Values for Cl and C2 are 
critical and I used selected capacitors slightly lower 
than the required values (about 10 pF and 20 pF re¬ 
spectively) making up the difference with short, 
open-wire, adjustable stubs. 

Although linear resonators have little effect at 


lower frequencies, the 21-MHz resonator in its sim¬ 
plest form has disastrous consequences at 28 MHz, 
where it looks like a rapidly varying inductance that 
results in a very narrow bandwidth. This problem is 
overcome by the capacitors (C3) which form addi¬ 
tional linear resonators tuned somewhat above 28 
MHz so that the effective inductance at 28 MHz is 
greatly increased without affecting 21 MHz. C3 is 
not critical. Using a grid-dip oscillator, the driven 
element should be tuned by adjustment of Cl, C2, 
and the length of the loading wires to provide the re¬ 
quired resonant frequencies, taking care to avoid 
spurious resonances. Using a pick-up loop with a 
rectifier and meter as a simple rf current indicator, 
currents in L and Cl at 28 MHz will be roughly equal 
and some four times greater than the loop current 
observed at point D, (see fig. 120. At 21 MHz, cur¬ 
rents in C2, L, and just outside AB can be expected 
to be roughly in the ratio 3:2:1. This is not critical, 
but any major departure could indicate a spurious 
resonance. It is important to ensure symmetry and 
this requires a balanced feed, not a gamma match. 

When tuning three-element antennas, there are 
many performance combinations, but I tended to 
aim for maximum gain in the 14.1-14.2 MHz region. 
This yielded the following typical performance 
figures: 

Bandwidth for greater than 9 dB 
front/back ratio 200 kHz 

Maximum front/back ratio 12-15 dB 

Bandwidth for less than 1 dB 
drop in gain 230 kHz 

SWR at band edges 2.0:1 

Better front/back ratios and bandwidths were ob¬ 
tainable at the expense of gain, thus emphasizing the 
desirability of remote tuning; in this way it should be 
possible to achieve effective gains between 6 and 7 
dB. I tried to achieve this by using a single pair of 
additional feeders, attached to coupling loops placed 
near the centers of each set of parasitic elements, 
but achieved only limited success. A practical, but 
rather cumbersome alternative is to use separate 
feeders to all elements. 

At 21 MHz, the SWR was 1.5-1.6 over the whole 
band; front/back ratio increased with frequency 
from 13 to 16 dB, but was accompanied by an ap¬ 
parent 2-dB drop in gain. At 28 MHz, bandwidth for 
an SWR better than 2:1 was 350-400 kHz. Tuning for 
maximum gain at 28.5 MHz, there was a drop of 2 
dB at 28.25 and 29 MHz. The front/back ratio rose 
from 11 dB at 28.5 to 15 dB at 28.9, but was down to 
6 dB at 28.25 MHz. These figures have been selected 
as fairly typical from a wide assortment and the varia¬ 
tions illustrate the degree of improvement to be 
expected from remote tuning. The linear resonator 
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frequency 
14 MHz 
21 MHz 
28 MHz 


element lengths 

reflector director 


11.2 meters (440 inches) 
6.9 meters (272 inches) 
5.1 meters (202 inches) 


10.8 meters (426 inches) 
6.3 meters (259 inches) 
4.8 meters (188 inches) 


boom length from center of driven element to apex of Vs 
frequency reflector director 


14 MHz 
21 MHz 
28 MHz 


4 meters (156 inches) 
2.6 meters (101 inches) 
2.2 meters (86 inches) 


3.2 meters (126 inches) 
2.6 meters (101 inches) 

2.2 meters (86 inches) 




fig. 12. (A) shows the plan view of the driven element made from aluminum tubing, starting with 32 mm (1% inch), tapering 
down to 12.5 mm (0.5 inch) diameter. The feeder is connected to points x,x using the delta match shown in (B). Close examina¬ 
tion of the end of the element may be necessary to fully understand the loading. Each vertical rod (x,z) is not only a help in pro¬ 
viding the end loading, but is also used as an attachment point for the ends of the parasitic elements. Also attached to the verti¬ 
cal rods is the other portion of the end loading, short lengths [40.6 cm (16 inches)] of no. 14 AWG (1.6-mml copper wire. These 
lengths are run from x and z to point y, in the same line as the center element. The delta match detail is shown in (B). For 
open-wire line, the capacitors are omitted and the spacing is increased slightly. A plan view showing the parasitic elements is 
shown in (C). The elements are made from no. 14 AWG (1.6-mm) copper wire. 


details shown in fig. 12 are applicable also to "full- 
size" elements, a reduction in length of about four 
per cent being required due to the presence of C2. 

Earlier I criticized trapped beams, but the situation 
is quite different with small elements, including the 
V-shaped parasitic elements of the beam just de¬ 
scribed. If the folded ends are left in place, at the 
higher frequencies they degrade performance 
because of an inefficient current distribution and by 
radiation from the ends. The only practical way to 
remove the excess capacitance is by means of traps, 
but ordinary traps result in appreciable losses even 
with full-size elements. And, as the radiation resis¬ 
tance drops, the power loss increases in the same 
proportion so that large losses can be expected. This 


problem can be resolved with the help of the linear 
resonator, which, instead of degrading the perform¬ 
ance at 14 MHz, actually has a very slight beneficial 
effect by increasing the total capacitance. 

Another problem is caused by excessive spacing 
between elements at the higher frequencies. This 
can be avoided by using a separate, centrally placed, 
driven element for 21 and 28 MHz, a coax feeder with 
4:1 balun, and a delta match into a linear resonator, 
providing two-band operation. To keep within an 
area 3 meters square (10 feet square), long, vertical, 
loading rods would have been required, but I thought 
it was better to increase the element lengths to 3.4 
meters (11 feet) and make full use of the 4.7-meter 
(15.5-foot) turning circle. 
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Multiband operation, with good front-to-back 
ratios, was obtained using traps as shown in fig. 
11B, but on 21 MHz the bandwidth was too narrow 
to be acceptable. The structure was braced with a 
lot of cord ties and I was able to use them to support 
separate (wire) parasitic elements for 21 MHz. 

Capacitive coupling from these into the driven ele¬ 
ment was excessive, however, and the reflector had 
to be neutralized. Bandwidth was still rather narrow 
and devious means were needed to achieve even 
enough remote tuning for band coverage (without 
beam reversal) on 21 MHz. Despite satisfactory per¬ 
formance, the design became too complicated to be 
recommended in its present form. It has neverthe¬ 
less proved that the problem is solvable, and guide¬ 
lines have been established for further experiments. 
In particular, I found that proximity between the 14 
and 21 MHz parasitic elements (average separation 
less than 0.3 meter [1 foot]) had no effect on 14-MHz 
performance. One obvious solution would be the 
use of separate parasitic elements for the higher 
bands, stacked about 0.6 meter (2 feet) above and 
below the 14-MHz elements. Linear traps remain 
the neatest method, and from inspection of fig. 11B, 
it is obviously possible to increase the trap length 
(and hence the bandwidth) by using the entire avail¬ 
able length for 21 MHz, in which case the 28 MHz 
traps would have to be accommodated within the 21 
MHz traps. Experiments along these lines can be 
recommended to anyone who feels he has the neces¬ 
sary skill and patience. 

Unfortunately, narrow bandwidth at 21 and 28 
MHz, in comparison with a monoband antenna of 
the same size, appears to be a price that has to be 
paid for the multibanding of a "smallest-possible" 
beam. (It is also part of the price usually, but mis¬ 
takenly, paid for the multibanding of full-size ele¬ 
ments which, when used without traps, have very 
much higher radiation resistances at the higher fre¬ 
quencies.) 

One practical point that must be stressed is the 
need for accurately maintaining the shape of the 
linear resonators. With separate feeders to each ele¬ 
ment, small changes in resonant frequency can, of 
course, be corrected from the shack, but any asym¬ 
metry causes the current maximum to shift toward 
one end of the radiator. Probably worse, a voltage 
will exist in the center causing current to flow in a 
metal boom or dielectric losses in a wooden boom if 
wet! Insulating a metal element from a metal boom is 
not a complete cure, because there is bound to be 
some capacitance, but it has been found preferable 
to bonding. 

future trends 

I have tried to cover the subject in all its aspects 


and find it difficult to envisage a future for small 
beams outside the guidelines presented here, but 
perhaps someone will take this as a challenge and 
come up with something really new! There is room 
for plenty of ingenuity in finding ways of folding 
elements to fit them into small spaces, and it should 
be possible to improve bandwidth by the somewhat 
mind-boggling process of folding a folded dipole! 
The mini-quad also has interesting possibilities and 
appears to lend itself to a number of options for 
multibanding, of which I favor use of 20-meter loops 
for 10 meters, and separate, stacked elements for 
15 meters. 

Better construction methods are needed to im¬ 
prove reliability and achieve closer tolerances. A 
completely foolproof tune-up procedure, which can 
be used in all situations, has yet to be evolved. More 
data is needed on the range over which remote 
tuning from the shack can be achieved without pen¬ 
alties; further development is needed to find the best 
methods for remote tuning and reversal of small 
three-element beams. Perhaps someone may then 
get around to applying these features to the big 
beams — which will otherwise find themselves at a 
disadvantage! For multibanding of beams such as 
those described here, I believe the future lies in im¬ 
proved versions of the linear resonator trap, which 
would ease the problem of remote fine tuning and 
avoid the complications of stacking. 

As an alternative to neutralizing, I have tried using 
the 21/28-MHz element as an electrostatic screen 
between the 14-MHz elements, but I failed to achieve 
a viable system. There are difficulties, for example, 
in specifying exactly what is "earth," and I have 
found it advisable, even with neutralizing, to insulate 
elements from the boom and perferably to use a 
wooden boom. 
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high-performance 

voltage-tuned mosfet oscillator 


One comment often heard on the amateur bands 
is that the art of homebrewing is a thing of the past. 
Nothing could be further from the truth. The amateur 
fraternity has acquired new vigor and growth, and 
more hams now than ever before, are "rolling their 
own." This is happening in spite of the fact that, 
again as a result of recent amateur growth, commer¬ 
cial manufacturers of ham gear are able to offer 
greater bargains in terms of performance per dollar. 
Yet there is a growing number of do-it-yourself ama¬ 
teurs who are dedicated to building all or some of 
their own equipment. The VTO described here is only 
one example of this trend. I am admittedly a home¬ 
brew addict. 

concept 

The constantly changing state of the art has pro¬ 
vided a diversity of methods and circuits applicable 
to today's requirements. The VTO described in this 
article is more than just another of the garden varie¬ 
ty. It was deliberately designed to perform well under 
the most demanding conditions. You may be inter¬ 
ested in duplicating the design, or in using the basic 
concept to build one to suit your own particular 
needs. 

This article is intended to provide sufficient specif¬ 
ic information so that the design can be easily dupli¬ 
cated. If you need a VTO possessing superior per¬ 
formance characteristics, scrutinize the following 
checklist and decide if this construction project is 
for you. 

1. Adjustable tuning range 

2. Exceptionally clean spectrum — like that of a 

VCXO 

3. Frequency essentially independent of load 

4. A temperature compensation adjustment to 

cancel drift 

5. Power output + 10 dBm in a 50-ohm load 

6. Remote tuning capability 

7. Frequency independent of line voltage 

8. Excellent short-term frequency stability 

9. Excellent long-term frequency stability 

10. Fast warm-up 

After reading this article, you may wish to modify 


the design to fit your own needs. If so, there are cer¬ 
tain things you should not do or need not do: 

Don't use powdered-iron tuning slugs in the oscil¬ 
lator coil. It is particularly important to stay away 
from pot cores, bobbins, sleeves, toroids, and other 
ferromagnetic materials. Not only do these devices 
generally have relatively high temperature coeffi¬ 
cients, but they possess a characteristic called hys¬ 
teresis, which may cause the VTO frequency to wan¬ 
der from time to time for what appears to be no good 
reason. The permeability of powderded iron and fer¬ 
rite materials is relatively sensitive to even weak mag¬ 
netic fields. 

Don't use a clamping diode on the MOSFET oscilla¬ 
tor gate. It isn't necessary and only adds to the com¬ 
plexity. Note that the gate is grounded through the 
coil winding and therefore bias shift on gate 1 cannot 
occur. 

The VTO described here should be operated at the 
fundamental, not a subharmonic. With the source 
bias used, the waveform on gate 1 is very nearly a 
pure sine wave, as is the waveform at the output. 
The circuit does not work well as a multiplier. 

Don't operate the varicaps with too little bias. If 
the peak rf voltage exceeds the bias, rf rectification 
may occur which will generally disrupt performance. 
In the present design, varicap bias varies between 7 
and 10 volts, although bias as low as 4 volts may be 
used if a wider band is to be covered. 

Don't use a zener to provide voltage regulation for 
gate 2 or the drain of the MOSFET oscillator. (See fig. 
1.) Use an integrated circuit regulator such as the 
/iA723. Gate 2 voltage should be provided from a 
resistor divider network fed from the 723 output. 

Don't mount the oscillator on a printed circuit 
board, since flexing or warping can cause serious 
stability problems. It is much better to assemble the 
entire oscillator on a brass or copper plate that can be 
mounted firmly to a shield box. Copper is preferred 

By Norm Foot, WA9HUV, 293 East Madison 
Avenue, Elmhurst, Illinois 60126 
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because is has higher heat conductivity, which helps 
to keep all circuit components at the same tempera¬ 
ture. Use a small plate not less than 0.8 mm (0.032 
inch) thick. 

Don't use plastic, phenolic, or fiber coil forms. The 
coil forms used in this VTO are Cambion part number 
1536-3-1. Only the amplifier circuit coil uses the tun¬ 
ing slug, which is carbonyl J (green). 

Do not use ceramic trimmers in the oscillator cir¬ 
cuit. The glass-piston trimmers specified possess a 
low temperature coefficient and are mechanically 
rugged. 

Do not locate the VTO circuit near heat-generating 
components such as power supply regulators or 
transformers. Remember, since the oscillator is volt¬ 
age tuned, it can be located at any convenient loca¬ 
tion because it does not require mechanical linkage 
with the front panel. You may want to take advan¬ 
tage of this feature and locate it next to the mixer 
where it belongs. 

application 

This particular VTO was designed as the local oscil¬ 
lator for the second mixer in a communications 
receiver. The design requirements were very exact¬ 


ing. It had to operate above 30 MHz and also drive a 
counter to provide a digital readout. The readout 
constantly monitors the frequency, which means 
that any drift exceeding 50 Hz would be particularly 
annoying, not to mention the problem associated 
with copying sideband signals. Furthermore, the tun¬ 
ing range was to be adjusted to cover exactly 100 
kHz plus 100 Hz overlap at each end. The drift after 
warmup turned out to be considerably less than origi¬ 
nally expected, in spite of the higher-than-normal op¬ 
erating frequency and the use of varicaps for tuning. 

tuning mechanism 

Although the circuit values can be modified so that 
the VTO covers other frequency ranges, this particu¬ 
lar unit tunes 30,250 to 30,350 kHz. A five-turn, line¬ 
ar-taper, Bourns precision potentiometer (part num¬ 
ber 35205-417-453) is used for frequency tuning. A 
6.4-mm (2.5-inch) diameter Millen fluted knob pro¬ 
vides approximately 20-kHz per revolution, permit¬ 
ting ssb signals to be tuned in with relative ease. This 
amounts to 18 degrees per kHz. A ten-turn potenti¬ 
ometer can be substituted if greater tuning resolution 
is desired. In any event, avoid the use of a gear train 
to increase resolution if backlash is to be avoided. 

Originally, there was considerable concern regard¬ 
ing the ability of the of the potentiometer to stand up 



dipped silver mica unless otherwise indicated. The 470-pF feedthrough capacitors are from Spectrum Control (part number 54- 
794-002-741M). The varactors are TRW 4808s. Capacitor C3 is an Erie 0.7-12 pF piston trimmer, while C4 is a 1-18 pF Erie piston 
trimmer. LI is wound on the Cambion 1536-3-1 coil form; L2 uses the same form with the carbonyl J tuning slug inserted as 
shown in the diagram. 
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to abuse day after day. However, the original unit 
showed no indication of wear after two years of 
almost daily and often grueling use. 

circuit details 

The VTO includes a 3N201 dual-gate MOSFET oscil¬ 
lator driving a low-cost 40673 MOSFET buffer ampli- 



fig. 2. Manufacturer’s specifications for the TRW 4808 varactor. 


fier. A high degree of isolation is achieved by use of 
the 100-ohm resistor in the oscillator drain circuit. As 
a result, pulling of the oscillator as the buffer coil is 
tuned through the oscillator frequency is less than 
200 Hz. Since the buffer circuit is broadband and 
therefore fixed tuned, this effect has insignificant ef¬ 
fect on drift. If the load terminals are opened or 
short-circuited, the change in the oscillator frequen¬ 
cy is less than 100 Hz. Power output over the 100- 
kHz range is essentially constant at 10 milliwatts 
under load. 

The coils are wound on ceramic forms with no. 26 
(0.4-mm) AWG enameled copper wire and heavily 
doped with polystyrene Q dope. The 50-ohm output 
winding on the amplifier coil consists of two turns 
of no. 26 (0.4-mm) AWG enameled copper wire, 
pushed up tight against the bottom (cold) end of the 
tuned circuit coil. It is important that the tuning slug 
be positioned at the 50-ohm output end of the coil, 
partly overlapping both the tuned circuit and the out¬ 
put winding. 

power supply considerations 

Both the oscillator and its buffer are powered from 
a /xA723 integrated circuit regulator which accepts 
current from a regulated 14-volt supply. The 723 
reduces the 14 volts to 10 volts. The importance of 
this additional regulator cannot be overemphasized. 
Not only does it provide the required tight voltage 
regulation, but by its nature the output voltage is ex¬ 
tremely well filtered. For example, when the spectral 
purity of the VTO was compared while using a bat¬ 
tery supply and then the 723 post regulator, there 
was no noticeable difference. By contrast, without 
the post regulator, there was considerable hum mod¬ 


ulation. Small changes in supply voltage cannot be 
tolerated because the same supply is applied to the 
tuning varactors. 

A pair of TRW 4808 voltage-variable, varactor 
diodes (varicaps) are used to control the VTO fre¬ 
quency. These 27-pF tuning varactors are connected 
in the conventional back-to-back manner with the 
tuning voltage fed to their junction through an RC fil¬ 
ter. The 1000-ohm tuning range trimpot is set near its 
midpoint so that the voltage across the 45k-ohm tun¬ 
ing potentiometer is approximately 3 volts. Under 
these conditions, the tuning potentiometer provides 
the varicaps with between 7 and 10 volts. Long life 
and reliability is assured since the potentiometer car 
ries only 64 microamperes while the current carried 
by the moving arm is essentially zero. Data on the 
varicap is shown in fig. 2. 

The varicap tuning sensitivity is 30 ^V/Hz. If the 
spectral purity of the oscillator is to be high enough 
for the intended application, power supply noise and 
ripple must be extremely low. The /rA723 is specified 
at 20 /iV rms noise typical. This could cause a ran¬ 
dom peak-to-peak fm of 1.89 Hz. Most of this noise 
is eliminated by means of the lowpass filter consist 
ing of the 47k-ohm resistor and the 1.0 /tF capacitor. 
What little noise actually remains should consist of 
very low-frequency components, since the RC filter 
has a 20 Hz cut-off frequency. In the author's appli¬ 
cation, there is no detectable reduction in receiver 
output noise when a battery is substituted for the 
/iA723 regulator. 

Ripple from the 723 is specified as typically 74 dB 
below the input ripple. Even if the input ripple were 
100 mV peak-to-peak, the output ripple would only 
be 2.0 /iV, including the filtering action of the varicap 
RC filter. This translates to less than a tenth of a 
cycle fm. 

The varactor capacity as seen by the oscillator coil 
varies from 3.8 to 4.4 pF. Since the total circuit capa- 



Since the VTO is dc tuned, it does not have to be located 
near the front panel. In this case, it has been incorporated 
into the same module as the HFO buffer. 
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city is approximately 90 pF, the ratio of high to low 
end frequencies is as follows: 


Ik 

where 


/ C + AC 

V C 



1.0033 


F h - high-end frequency 
Fi = low-end frequency 
C = total circuit capacitance 

Therefore, if 

F L = 30,250 kHz, 

F h = 1.0033X30,250 
= 30,350 kHz. 


Of course, the tuning range tripot can be adjusted 
to provide overlap at each end of the tuning range if 
that is desired. 

The frequency ratio formula can also be used for 
different frequencies and tuning ranges. I suggest 
that the circuit capacity be scaled in proportion to 
wavelength. A VTO operating between 5.0 and 5.1 
MHz, for example, could use a circuit capacity of 
about 500 pF. The varicaps would each be 150 pF, 
while C would be approximately 20.2 pF, which re¬ 
quires a tuning voltage range of about 6.4 to 10 volts. 

tuning linearity 

While the tuning potentiometer is linear, the vari¬ 
cap tuning characteristic is not. As a consequence, 
the frequency tunes slightly faster at the low end of 
the range than at the high (see fig. 3). However, the 
departure from linearity is small. Based on the manu¬ 
facturer's data, and by measurement, the number of 
kilohertz per revolution at the low end is 22.4 com¬ 
pared with 18.2 at the high end. This nonlinearity 
might be objectionable if it were necessary to employ 
a mechanical frequency indicator, such as a plane¬ 
tary mechanism. In my application, the VTO drives a 
programmable digital counter in which case the small 
nonlinearity is of no consequence. 

temperature compensation 

Considerable effort went into developing a variable 
temperature compensating circuit for this VTO. 
While the idea is not new, it lends itself well to this 
particular application. The compensation circuit is 
simple and easy to adjust. 

A piston trimmer is connected in series with a neg¬ 
ative temperature coefficient ceramic capacitor. The 
coefficient was intentionally made larger than need¬ 
ed. The effective circuit coefficient is adjusted by 
tuning the piston trimmer, C4. The change in fre¬ 
quency which resulted is compensated for by adjust¬ 
ing C3. There is a particular setting of these two 


capacitors which will provide zero temperature coef¬ 
ficient, therefore zero oscillator drift after warm-up. 

Based on manufacturer's data, the voltage-tuned 
varactors have a temperature coefficient of 250 to 
300 ppm/degrees C. Of course, most of the other cir¬ 
cuit elements exhibit positive coefficients as well, but 
their coefficient is generally less — in the order of 50 
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fig. 3. Chart of the voltage-tuned oscillator's 
linearity as the oscillator tunes from one end of 
its range to the other. 


to 100 ppm/degrees C. Dipped silver-mica capacitors 
were found to be entirely satisfactory for use in the 
oscillator and amplifier tuned circuits. 

A series of tests was performed using NTC capaci¬ 
tors with various temperature coefficient values. 
Finally, a 51-pF, N330 capacitor was selected. An 
additional 24-pF, NTC 150 capacitor was added in 
parallel to bring the circuit temperature coefficient 
within range of C4. C4 is a key circuit element 
because it allows the effective temperature coeffi¬ 
cient to be adjusted, and therefore the amount and 
direction of oscillator drift. The proper setting was 
found after a number of drift tests were performed 
over a period of a few hours using different settings 
of C3 and C4. The results of these tests are shown in 
fig. 4. 

After a period of about three months, and again a 
year later, the drift was checked. It was found that 
no change in compensation had taken place. The cir¬ 
cuit gives you a real good opportunity to check the 
other fellow's frequency stability! 

After two years of drift-free use, and strictly out of 
curiosity, the original 3N201 oscillator MOSFET was 
replaced with another made by a different manufac¬ 
turer. It was found that the frequency was slightly 
higher and needed trimming. Subsequent drift tests 
showed the circuit to be over-compensated. A new 
set of drift tests were run and the overall temperature 
coefficient quickly brought back to zero. 

If the drift that occurs after turn-on from a cold 
start is annoying, or if the application requires abso¬ 
lutely zero warmup drift, I recommend that the drift 
correction circuit described by PA0KSB 1 be used. 
This circuit was built and applied to the AFC terminal 
shown in fig. 1 . The performance was excellent. 
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There was absolutely no warmup drift. It was neces¬ 
sary, however, to include the up-down tuning push 
buttons recommended to periodically correct for cali¬ 
bration errors inherent in the design. Since this 
requirement was more of a nuisance than the warm¬ 
up drift, the circuit was not permanently installed. 
From a practical standpoint, about the time the 6146s 
are warmed up and ready to go, the VTO has stabil¬ 
ized! It was also interesting to note that if the VTO 
design described here were to be modified for opera¬ 
tion at 5.0 MHz, the warmup drift would be only 
about 100 Hz. 


dryer will probably prove only that the temperature 
compensating circuit has a thermal lag. 

Short-term drift and low-frequency shot noise ef¬ 
fects can be determined by tuning in WWV (assum¬ 
ing the VTO is used as the local oscillator of the 
receiver). Using the BFO, set the tuning for a conven¬ 
ient heterodyne (500 Hz for example), and then 
acoustically zero beat an audio oscillator and speaker 
combination with the receiver output. Listen for any 
warbling and jumping. If you use a low-beat note, 
you should be able to hear and detect frequency vari¬ 
ations as small as + 2 Hz by reading frequency 


iooo 


fig. 4. Typical results of the 
oscillator drift tests. Incor¬ 
porating the drift correction 
circuit described by PA0KSB 
will reduce the frequency 
change to zero. 
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Excellent short-time stability was achieved by 
enclosing the VTO circuit in a metal box. Also, a 
brass cup heatsinked to the chassis was mounted 
over the 3N201 transistor and its socket. This pro¬ 
tects the transistor from drafts to which it is particu¬ 
larly susceptible, and forces the ambient temperature 
in the vicinity of the transistor to track that of the en¬ 
tire circuit. This combination was found to be very 
effective. 

One of the most frustrating problems associated 
with checking out a new oscillator is being able to 
separate out the various causes of drift. They include 
the effective temperature coefficient of the overall 
electrical circuit, the effects of voltage variations, 
and mechanical effects. If the oscillator varies or 
jumps when the oscillator chassis is tapped sharply 
with a screwdriver, you have mechanical problems. 
Don't try to temperature stabilize the circuit until it is 
mechanically sound. It is a good idea to run the tem¬ 
perature of the circuit up and down several times us¬ 
ing a hair dryer to reduce mechanical strains before 
checking drift. 

If you use the regulator circuit suggested here, you 
should be able to set the line voltage as low as 100 
volts before detecting any oscillator drift. Long-term 
drift tests should be performed by running the circuit 
as it would norma Hy be operated. The -use of a hair 


changes from the audio oscillator dial. If the oscilla¬ 
tor is working properly, random variations should not 
exceed +5 Hz at 30 MHz, or ±1 Hz at 5 MHz, and 
there should not be any jumping. It is interesting that 
the technique described here allows you to detect 
variations as small as one part iin 10 7 or better. 
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Swan linear amplifiers 
give you all the power 
you need for low power 
transmitters in a choice 
of compact models engi¬ 
neered for maximum 
efficiency and perform¬ 
ance. All three units 
operate on 80, 40,20, and 
15 meters with AC input 
of 110V-220VAC, 50- 

60 Hz. 

THE 1500Z. The self- 
contained 1500Z with 
tuned input makes it an 
ideal companion for the 
Swan 100MX! A high 
quality, conservatively 
rated, 110/220 VAC 
power supply provides 
2200 volts DC to two 
572B tubes. Rated at 
1500 watts PEP input, 
nominal output is 750 
watts into the antenna. 
Metering is selectable for 
“relative output,” “Ip,” 


and “Ep,” and instant 
operation with the “Op¬ 
erate” and “Bypass” 
switch. 

THE 1XOOZ com¬ 
pletely self-contained 
amplifier and power sup¬ 
ply gives you 1000 watts 
PEP input on SSB and 
750 watts DC input on 
CW. With most of the fea¬ 
tures of the 1500Z, this 
unit is lightweight and 
portable. 



watt Linear Amplifier 
delivers maximum legal 
PEP power on SSB and 
1000 watts DC on CW, 
including 10 meter band. 
Included is a matching 
power supply. Both units 
are independently cooled 
with low noise blowers. 
Available only through author¬ 
ized dealers. 


Please send full details 
on Swan Linear Amplifiers to: 


ELECTRONICS I 

305 Airport Road, Oceanside, CA 920541 
(714) 757-7525 


NAME _ 

ADDRESS 


STATE 


More Details? CHECK OFF Page 118 
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operational characteristics 


of the 
555 timer 

Care and feeding of the 
multi-purpose 555 timer — 

a closer look 
at some of the reasons 
behind the designs 


The 555 timer has become one of the most popular 
ICs used by both industry and hobbyists alike. Since 
its introduction by Signetics Corporation in 1972 (as 
the NE555), every major 1C manufacturer has pro¬ 
duced a 555 equivalent. Variations have been devel¬ 
oped by Signetics and others, primarily for specific 
applications (NE556, NE558 quad, XR2250 program¬ 
mable). 

Circuits using the 555 show up in virtually every 
electronics-oriented magazine. The popularity of the 
555 is partly due to its versatility and partly because 
of its cost (generally less than 50 cents). These pub¬ 
lished circuits use the timer to generate ramps and 
time delays, detect missing pulses, act as oscillators, 
and a host of other applications. The list of specifics 
can become quite extensive. Most of these applica¬ 
tions now appear as "cookbook” circuits with little 
detail on how the design was accomplished and what 
variations a builder of that circuit can expect. 

This article was written to help you get a better 
understanding of the 555 and how its eight pins react 
to external components. With this information, you 
can get a feel for how most 555 applications work. 
For the more creative. I'll outline the basic design 
rules for using the 555. (Information on the 555 also 
applies to the 556 dual timer.) 


Fig. 1 shows the block diagram of the 555 timer. 
The basic components consist of an output driver, a 
control flip-flop, and two voltage comparators. The 
flip-flop drives the discharge transistor and output 
driver. The state of the flip-flop is controlled by the 
reset pin (pin 4) or one of two comparators. One 
comparator is controlled by the voltage on the trigger 
pin (pin 2) and the other controlled by the voltage on 
the threshold pin (pin 6). 

These comparators have separate reference points 
which are controlled by the three-resistor divider 
from V cc to ground. The resistors are all of equal 
value (5-k ohms). The reference voltage for the 
threshold comparator is thus 2/3 of V cc , and is also 
available on pin 5, the control voltage pin. The refer¬ 
ence voltage into the trigger comparator is set at 1 /3 
V cc by the divider network (Note: it is also one half of 
the voltage on the control voltage pin). 

The output (pin 3) has the capability of providing 
200 mA. Because of the totem-pole structure, this 


* v cc 



I fig. 1. Block diagram of the 555 timer. The three-resistor 
divider network causes the voltage comparators to work on 
a ratio, rather than an absolute voltage level. This makes 
any timing functions relatively insensitive to supply voltage. 

By Bob Marshall, WB6FOC, Signetics Corpor 
ation. Post Office Box 9052, 811 East Arques 
Avenue, Sunnyvale, California 94066 
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current supply is available whether the output is high 
or low. Additionally, when the output is high, the dis¬ 
charge transistor is turned off. 

monostable operation 

To help understand the action of the comparators 
it is best to show the operation of the 555 in one of 
the basic timing modes. The monostable configura¬ 
tion of the timer requires only two external compo¬ 
nents. It is shown in fig. 2A (the capacitor on pin 5 is 
optional). 

A resistor (Ra) is connected from V cc to the dis¬ 
charge pin (pin 7) and threshold pin (pin 6). A capaci¬ 
tor is then connected from pins 6 and 7 to ground. 
The values of Ra and C will determine for how long 
the output remains high. 

Initially, the output is low and the discharge tran¬ 
sistor is turned on. This essentially shorts the timing 
capacitor C. Therefore, the threshold comparator in¬ 
put is at zero volts. When the trigger comparator 


+ V CC 
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fig. 2. Configuration of the 555 tinner for use as a monostable 
multivibrator and the associated waveforms (B). The nega¬ 
tive-going pulse applied to the trigger input causes the 
internal flip-flop to change states, generating the output 
pulse. 



fig. 3. Diagram of the normal RC time-constant curve. When 
connected as a monostable, the output pulse width from 
the timer is determined by the time it takes the capacitor to 
charge between zero and 66 per cent of the full charge. 


receives a trigger that is less than 1/3 V cc , it causes 
the flip-flop to switch. The output goes high and the 
discharge transistor turns off. When this happens, 
the timing capacitor starts charging to V cc via Ra- As 
soon as the charge on the capacitor reaches the 
threshold voltage level (2/3 V cc ), the threshold com¬ 
parator triggers the flip-flop. This drives the output 
stage low and turns on the discharge transistor, 
which discharges the timing capacitor, and the timer 
is back to its initial condition. Fig. 2B shows the 
waveforms on the timer during this time. 

triggering 

Due to the nature of the trigger circuitry, the trig¬ 
ger comparator will trigger the flip-flop whenever the 
trigger voltage drops below 1/3 V cc . For proper tim¬ 
ing, the trigger level must return to a voltage level 
greater than 1 /3 V cc . This is because the trigger com¬ 
parator has overriding control of the flip-flop. Should 
the trigger input be held low for a period longer than 
the timing cycle, the output will remain high, without 
regard to the voltage on the threshold comparator. 

reset function 

The 555 has a reset pin for applications that require 
an abort signal. That is, it may be necessary to inter¬ 
rupt a timing period or to inhibit a trigger. The reset 
control (pin 4) is normally high. If the reset is held 
greater than 1.0 volt, the 555 will function normally. 
However, if pin 4 is held below 0.4 volt the output 
will be held low. When the timer output is high and 
the reset goes low, the output will turn off immedi¬ 
ately. If the reset pin is between 0.4 and 1.0 volt, the 
timer is in no man's land; some devices may reset, 
some may not. When using the reset function, it is 
important to have the reset less than 0.4 volt. This 
level is guaranteed to cause the timer to reset. To 
prevent possible noise spikes from causing an 
unwanted reset, pin 4 is normally connected to the 
V cc pin when not being used. 
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calculating pulse width 


When describing the operation of the 555 timer in 
the monostable operation, I mentioned that the 
values of R A and C determined the time the output 
stayed high. The voltage on C must charge to 2/3 
V cc . Fig. 3 shows the normal RC charge curve. As 
shown, the voltage rises from 0 to 100 per cent in five 
RC time constants (7). The 66.6 per cent (2/3) point 
occurs at 1.17, or 


T = 1.1 RC (1) 

where 

T is in seconds, 

R is in ohms 
C is in farads 


changing the pulse width 
in the monostable mode 

The threshold control voltage on pin 5 is an impor¬ 
tant feature of the NE555 timer. By imposing a volt¬ 
age on pin 5, the internal comparator reference lev¬ 
els, the timing can be varied. For example, if one-half 
the supply voltage were placed on pin 5 (normally 
held at 2/3 V cc ), the timing capacitor would charge 
only to one-half V cc before the threshold trip level is 
reached. The time required to charge the capacitor 
can be found by observing how many time constants 
it takes for the capacitor to charge to 50 per cent 

using the equation T = In (1- ^-) RC or by using 

fig. 3. With the voltage on pin 5 equal to 0.5 V cc , the 
new timing equation is T = (ln0.5)RC = 0.693RC. 

You must remember that the trigger threshold is 
also affected by changes on the voltage level at pin 5. 
In the example above, the trigger threshold is now 
lowered to one-quarter V cc (halfway below the volt¬ 
age on pin 5). In order to trigger, the trigger pulse 
must now go below one-quarter V cc . This feature of 
the timer opens a multitude of application possibili¬ 
ties such as pulse width modulators, voltage-con¬ 
trolled oscillators, and so forth. 

As can be seen, any variations on pin 5 will cause a 
change in timing. For that reason it is recommended 
that a small bypass capacitor (about 0.01 ^F) be 
used on pin 5. This will increase noise immunity of 
the timer to high frequency trash that could cause 
timing errors by modulating the threshold trip levels. 

astable operation 

To configure the 555 timer in the astable or oscilla¬ 
tory mode requires only a slight modification to the 
monostable configuration. Fig. 4A is the schematic 
of a 555 timer in the basic astable mode. It requires 
two resistors and a timing capacitor. Assume that 
the charge on the timing capacitor is charging 
toward V cc through Ra and Rb- The output is high 


and the discharge transistor is off. When the capaci¬ 
tor charges to the threshold trip level (2/3 V cc ) the 
output goes low and the discharge transistor turns 
on, shorting pin 7 to ground. The capacitor now 
begins to discharge through Rb toward ground. But 
as soon as the capacitor discharges to 1/3 V cc (the 
trip level of the trigger comparator), the output again 
goes high, the discharge transistor turns off, and the 




V CC 


O 


© 



fig. 4. Schematic diagram of the 555 connected as an astable 
multivibrator and the waveforms at different points in the 
circuit (B). In applications where a 50 per cent duty cycle is 
required, the circuit shown in (C) can be used. In this case, 
CR1 effectively shorts out R B during the capacitor charge 
time. 
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capacitor starts charging through Ra and R B again, 
creating an oscillator. Fig. 4B shows the waveform 
in the astable mode. 


calculating frequency 

The time required to charge from 1 /3 to 2/3 V cc is 
0.671 RC. The charge path is through Ra + R B - This 
is the period of time that the output is high, or 

TjfHigh) = (R a + R b )C (2) 

During the discharge time the output is low. The 
time required to discharge from 2/3 to 1 /3 V cc is also 
0.671 RC. But the discharge path is through Rb 
only, so 

T 2 (Low) = 0.671 (R B ) C (3) 


The total period of oscillation is then: 

Ttot — Li + T 2 = 0.671 (R a + 2R b ) C (4) 

and the frequency 

F = 1 — = - 1 - 

T T ot .671 (R a +2 R b )C 

=_ IJ1 _ (5) 

(R A +2R B )C 


The duty cycle is given by: 


D = 


Ra _ 

Ra + 2 Rb 


( 6 ) 


Since the charge and discharge paths are differ¬ 
ent, the duty cycle cannot be less than 50 percent. In 
some applications, this may cause a problem. With a 
slight modification to the basic circuit, the 555 output 
can be made a square wave. Fig. 4C details the cir¬ 
cuit configuration for a 50 per cent duty cycle when 
Ra = Rb- 

In this circuit, CR1 shorts R B and the charge time 
is 0.671 RaC. The discharge path is still through Rg 
and does not change. The series diode, CR2 is op¬ 
tional to match the charge and discharge paths. With 
the diodes in the circuit the formulas for fre¬ 
quency and duty cycle become: 


F = 


_ 1-49 
(Ra + Rb)C 


(7) 


Duty Cycle = 


Rb 


Ra + Rb 


( 8 ) 


capable of switching high levels of load current. As a 
result, large current spikes can develop on the supply 
line. This momentary loading effect can cause a 
degree of timing error because of changes in charg¬ 
ing current. It can also cause noise glitches and false 
triggering in TTL circuits. To eliminate this phenome¬ 
non, it is necessary to bypass the supply line to 
ground with a capacitor. The size of the bypass 
required generally depends on the load to the timer. 
Values range from 0.1 to 10 fiF, or more. The bypass 
capacitor should be as close to the device as pos¬ 
sible. 



fig. 5. When driving an inductive load, a protective diode is 
required to prevent the inductive kick from latching up the 
output of the timer. 


Bypassing the control voltage pin (pin 5) is gener¬ 
ally considered good design practice. As mentioned 
earlier, the value is not critical, but the capacitor 
should be as close to the device as possible. Typical¬ 
ly, the bypass capacitor is 0.01 fiF. 

capacitors 

The timing capacitor size is virtually unlimited; but, 
the type of capacitor is important. Ceramic disk 
capacitors are usually unsuitable. They generally are 
not stable enough to operate in an RC timing circuit. 
Electrolitics usually have very high leakage rates and 
would cause drastic timing errors. The Signetics data 
sheet lists several acceptable types of capacitors, in¬ 
cluding silver mica, mylar, polystyrene, and tanta¬ 
lum. The smaller the timing capacitor used, the more 


fig. 6. The capacitor on the 
output of the timer is used 
to prevent any glitches 
caused by the cross over 
distortion from acting as 
false triggers to the TTL 
logic. 


■*5y 



With this configuration, the timer is capable of gen¬ 
erating duty cycles from 5 to 95 per cent. 

supply voltages 

In selecting supply voltages, note that the 555 tim¬ 
er is guaranteed to operate from 4.5 volts to 16 volts. 
Because the threshold levels work on a ratio, the 
supply voltage will not change the timing calcula¬ 
tions. The timer has a "totem pole" output structure 


apparent effect stray capacitance can have on the 
timing. The larger the capacitor, the more expensive 
the capacitor is. This is particularly true of the low- 
leakage types. For long delays, the capacitor has to 
be very large, but there are ways of getting long 
delays without using big capacitors. 

resistors 

There are certain maximum and minimum values 
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With a 5-volt supply 


fig. 7. In this example of 
ac triggering, the trigger 
pulse must be less than 
the duration of the out¬ 
put pulse from the timer. 
The duration of the trig¬ 
ger depends upon the RC 
time constant of the 
components. 



for the resistors. The threshold comparator requires 
0.25 pA of current to trip the output. Considering 
worst case, the resistor must be able to supply 0.25 
ix A of current for the comparator and still charge the 
capacitor to 2/3 V cc . To calculate the maximum 
resistance, the IR drop must not exceed 1/3 V cc with 
0.25 n A current flow, or 

IR drop = V cc - Vcap 
= Vcc-2/3 Vcc 
= 1/3 V cc 

The maximum resistance between V cc and pin 6 is 
defined as 

d _ v c c~ Vcap . (9) 

MAX threshold current 

With a 15-volt supply 

_ 15 V-10 V (2/3 V cc ) 

“max ~ 0.25X10-6 


r max 0.25' 


= 20 megohms 


5V-3.33V 

“MAX - -^25x10-6 

1.67 

0.25x10-6 
= 6.6 megohms 

When using large resistors, capacitor leakage can 
cause larger timing errors because it represents a 
larger percentage of the total charge current avail¬ 
able. Excessive capacitor leakage current will also 
cause an IR drop and not allow the threshold com¬ 
parator to reach 2/3 V cc . 

The minimum value of resistance is determined by 
the current that the discharge transistor can supply. 
The discharge transistor is internally current limited 
to about 35 mA. The discharge transistor must sup¬ 
ply two loads. The first is the current through R A . 
This should be reduced so that the second path into 
the capacitor (or through Rg) carries most of the 
load. As a general rule, R A should not be less than 5k 
ohms. Rb should not be less than 3k ohms. 

control voltage changes 

As mentioned earlier, the control voltage pin (pin 
5) is normally bypassed to ground by a 0.01 -/aF 
capacitor. By imposing a voltage on this pin, it was 
shown that the timing can be changed since the 
threshold level is changed. The voltage level on pin 5 
can be lowered to about 45 per cent of V cc when 
operating the timer in the monostable mode. The 
trigger level is also changed because it will equal one 
half the voltage on pin 5, and a certain minimum volt- 


+5V 



U1 - frequency = 1/36 Hz Since fif = R2, F = 

R1 = R2, let C = 10 


U2 — 8-second output pulse 
let c = 10 nF 


with F = 


1.49 

(R1 + 2R2)C 


therefore R = 


1 49-36 
10 - 10- 6 


1.8 megohms 


therefore/? -= y')f ~ 0.727megohms 


fig. 8. Long time delays can be generated by cascading timers with other count-down devices. In this example, the basic timer, 
U1, runs at about 0.028 Hz. is divided down by 100, and then used to trigger another timer configured as a monostable. The out¬ 
put is an eight-second pulse, once every hour. 
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age level must be maintained on the trigger compara¬ 
tor reference. If the voltage drops below 45 per cent 
on pin 5, the timer becomes more sensitive to noise 
because the trigger voltage nears ground. At the 
other extreme, the control voltage on pin 5 should 
not exceed about 90 per cent of V cc since the timing 
capacitor must charge to V cc . Exceeding this voltage 
range in the monostable mode may cause timing 
error, false triggering, or other problems. 

In the astable mode, the voltage level changes on 
the control voltage pin can be used to change the 
oscillating frequency about ±25 per cent and still 
remain linear. Changes greater than this will still 
cause the frequency to change, but linearity 
decreases due to the RC timing circuit. 

Before examining some specific circuits, there are 
several idiosyncracies of the timers that can cause 
problems unless you are aware of them. 

Temperature. The timer exhibits a small negative 
temperature coefficient (50 ppm/C°). This can cause 
small timing changes in the monostable mode and 
frequency drift in the oscillator mode. In critical appli¬ 
cations, R/C values can be selected which have posi¬ 
tive coefficients, with the net result a lower drift. 
Since the astable mode relies on both trigger and 
threshold levels, the drift from temperature is usually 
higher than when in the monostable mode. An 
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fig, 9. In this time delay circuit, the timing capacitor is effec¬ 
tively short circuited by the normally conducting transistor. 
A negative-going trigger cuts off the transistor, allowing 
the timer to operate and provide a pulse after the delay 
time. 
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fig. 10. This version of a sequential timer uses the control 
voltage input to change the pulse width of the output 
pulses, though they do remain in the same ratio. 


important point to remember when working with the 
timer (for that matter any 1C) is that power dissipa¬ 
tion of the device should never be exceeded. Power 
causes heat, and excessive heat will destroy the 
device. The 555 can handle about one-half watt of 
power at room temperature. This power rating is 
lower when the device is operated at higher temper¬ 
ature. 

Output. If a negative voltage (with respect to pin 1) 
is applied to the output of the timer, the 555 could 
latch up. This can happen when the 555 is used to 
drive an inductive load, such as a relay. To prevent 
this inductive kick back from latching the timer, a 
diode in series with the output should be used. Fig. 5 
shows a schematic of a timer being used to drive an 
inductive load. 

The output drive capability of the timer is 200 mA. 
Because of the output structure's high current capa¬ 
bilities, and fast rise and fall times, the timer exhibits 
crossover distortion. This glitch can cause false trig¬ 
gering of TTL circuits. By providing a capacitive load, 
the timer output is slowed to a point that the glitch 
does not occur. A capacitor of about 1000 pF from 
the output to ground will eliminate any false trigger¬ 
ing of the TTL circuit (see fig. 6). 

Triggering. I've stated that in the basic monostable 
mode the trigger must go below 1 /3 V cc (or one half 
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fig. 11. With the capacitor attached to the reset input, the 
timer cannot produce an output when power is initially 
applied. After C R has charged, a trigger will produce the 
desired output pulse. 



the voltage on pin 5) and return high before the end 
of the timing cycle. One way to generate such a trig¬ 
ger is to ac-couple the trigger. Fig. 7 shows such a 
circuit. The duration of the trigger pulse depends on 
how long the RC time constant is. The switch must 
return high again before the timer can be retriggered. 

example circuit 

The following circuits illustrate the use of the 555 
timer (or 556 where two timers are used). 

Long time delays. Because of the limitations of 
resistor size, long time delays (times greater than one 
hour) can be difficult to achieve using the basic cir¬ 
cuit. One method of getting long delay times is 
shown in fig. 8. This particular circuit provides a pos¬ 
itive 8-second pulse once each hour. U2 receives a 
trigger once each hour. The output of U2 is set for 
the desired pulse output by R4 and CIO. R3 and C7 
provide the ac-coupled trigger. The 7490 counters 
are set to divide by 100. To provide one cycle per 
hour, the input must be clocked at a frequency of 
1/36 Hz; U2is then set to oscillate at 0.028 Hz. Note 
that C4 provides a deglitch filter on the output of U2. 
Because the timer must interface with TTL counters, 
the timers and counters use 5-volt supplies. The en¬ 
tire circuit can also be built by using a single 556 dual 
timer and one 74390 dual-decade counter. By chang¬ 
ing the divider network or frequency of U1, it is pos¬ 
sible to get an almost infinite combination of pulse 
outputs. 

Simple time delay. Fig. 9 shows a simple circuit 


that is a modification of the monostable operation. 
This circuit provides an output after some predeter¬ 
mined time. Initially, the trigger input to the base of 
Qi is high, causing Qi to conduct. Pin 2 of the timer 
is low and the output (pin 3) is high. When the input 
goes low Qi turns off, allowing the timing capacitor 
to charge. When C charges to 2/3 V cc , the output of 
the timer goes low. The output will stay low for as 
long as Qi is turned off. The reset pin can be used to 
keep the output low if required; otherwise it should 
be tied high. 

Sequential timing. Fig. 10 shows another type of 
delay circuit. This is a sequential timer. The output of 
the first timer is used to trigger the second. The con¬ 
trol-voltage pin is used to vary the sequence time, 
but the ratios remain the same. The timing diagram 
shows how the pulse width is reduced as the control 
voltage pins are lowered. 

Delayed triggering. When power is first applied to 
the circuit shown in fig. 2 there is a chance that the 
trigger voltage on pin 2 will be lower than 1 /3 V cc and 
the timer will trigger. This may not be desirable. To 
prevent this initial trigger when power is turned on, 
the reset circuit can be modified as shown in fig. n. 


*v c c 



MISSING PULSE -^ 

“ uuwi^rmr 

CAPACITOR 

PIN 6 V C C 


OUTPUT 
PIN 3 


fig. 12. In the missing pulse detector, each trigger shorts the 
charging capacitor, preventing the output pulse from 
appearing. If a pulse is missing, the capacitor will charge to 
the required level, producing the output pulse which indi¬ 
cates the missing pulse. 
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fig. 13. The modulation input is applied to the control volt¬ 
age input, with the width of the output pulse varying as the 
amplitude of the modulation. 



Pin 4 is held below 0.4 volt since Cr is fully discharged. 
When power is applied, the timer is held reset until 
Cr charges to above 0.4 volt. 

Missing pulse detector. Fig. 12 shows an NE555 
timer hooked up as a missing pulse detector. The 
trigger input also drives the base of a transistor. 
When a trigger occurs, the transistor conducts and 
shorts the timing capacitor before the timer can time 
out. If an input trigger is missing, the timer will time 
out and pin 3 will go low indicating a missing pulse. 
The values of Ra and C are set to be slightly longer 
than the period of incoming pulses. 

Pulse width modulator. Fig. 13 shows a circuit 
which uses the control voltage pin to modulate the 
pulse width of an incoming clock signal. As the volt¬ 
age on pin 5 varies, it changes the threshold level of 
the internal comparator and the pulse width of the 
output changes. 

The examples covered were used to illustrate some 
of the possibilities of the 555 timer. The uses for this 
handy little 1C could well take a whole book to illus¬ 
trate. With an understanding of the basic operation, 
you can analyze timer circuits and design a circuit for 
your particular need. Who knows, you may come up 
with an original application and add your name to an 
evergrowing list of 555 timer circuit designers. 

ham radio 
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the W6TOG * 

RECEIVER MODIFICATION KITS 

INCREASE SELECTIVITY • IMPROVE SENSITIVITY 
LOWER INTERNAL NOISE 
IMPROVE NOISE BLANKER OPERATION 
COMBAT BLOCKING FROM LOCAL SIGNALS 

TS-520 KIT.$27.50 FT-101 SERIES KIT ... $32.50 

TS-520S KIT. 32.50 FR-101 SERIES KIT ... 34.50 

TS-820 & 820S KIT... 34.50 FT-301 SERIES KIT ... 34.50 

R-599 A/D KIT. 27.50 FT-901 SERIES KIT ... 34.50 

EXPLICIT INSTRUCTIONS MAKE MODIFICATION A CINCH 

IT’S MAGIC... 

ITS “MAGICOM” 

PROCESSOR MODIFICATION KIT 

IMPROVES AUDIO PUNCH 
IMPROVES PROCESSED SPEECH QUALITY 

Converts TS-820 / 820S speech processor from RF 
compressor to F!F clipper $27.50 
RF speech processor for TS-520 / 520S $42.50 
The “MAGICOM” RF processor module provides up to 
6dB increase in output with smooth, clean, 
non-distorted audio and more penetration for those 
pile-ups. 

ENDORSED BY W6TOG AND BIG GUN DXers WORLD WIDE 

* 

the W6TOG* 

INTERNAL ELECTRONIC KEYER 

FOR ALL AMATEUR TRANSMITTERS OR 
TRANSCEIVERS USING GRID BLOCK KEYING 

• No holes mounting with TS-820 Series 

• Mounting options for TS-520, TS-520S, FT-101 
Series, TR4 Series, T4X Series, T-599 Series and 
32 S Series. 

• C-MOS DESIGN — Dot and dash memory — full 
iambic or manual operation. 

• Simple installation ^ $49.50 

THE S-F REJEKTOR 
FILTER 

AN INTEGRATED CIRCUIT 
ACTIVE BANDPASS FILTER 
FOR PROCESSED RECEIVER AUDIO 

• Separate active filter elements 
for CW and SSB audio output stage 
• 8 ohm input and output impedance 

• Headphone jack for convenience 

• ON CW: from 500 hz to 100 hz, variable 

• ON SSB: 2 Khz fixed bandwidth 

• Rejects unwanted signal better than 60 dB 

• Designed for today’s transceivers 

or yesterday’s older equipment $49.50 
4 WELL KNOWN DXer WITH OVER 300 COUNTRIES CONFIRMED. 


I prices postpaid - in Calif, add 6% sales tax - Mastercharge & Visa accepted 

SATISFACTION GUARANTEED OR MONEY REFUNDED 
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receiver digital display 


A digital display 
for your receiver 
featuring 100-hertz readout, 
single frequency input, 
and provisions for 
forward or 
reverse tuning vfos 

The addition of a digital frequency display to a 
receiver goes a long way in enhancing operator con¬ 
venience. It eliminates squinting at the fine mark¬ 
ings found on the usual mechanical dial; and, at the 
same time, it provides an accurate frequency readout 
across an entire band without any need for recalibra¬ 
tion between band ends. A bright digital display is 
not only easy to read, it also adds a touch of class to 
a perhaps otherwise ordinary station. 

The circuit described in this article provides a 
stable, four-digit readout that includes the 100-kHz 
digit through the 100-Hz digit and will accommodate 
forward or reverse tuning VFOs at the flick of a 
switch. The resolution is greater than is usually pro¬ 
vided by the typical receiver dial and is handy for re¬ 
turning to a particular frequency in a crowded band. 
In the interest of economy and simplicity. I did not in¬ 


clude the MHz digits; they are easily read from the 
receiver band switch. 

The technique used here' requires only a single 
connection to the receiver's VFO, which, in many 
modern receivers, is usually available at a connector 
on the rear panel, making it unnecessary to tamper 
with the receiver in any way. 

theory of operation 

In the case of a backward tuning VFO, the fre¬ 
quency to be displayed is equal to a fixed frequency 
minus the VFO frequency. All that needs to be done 
is store the fixed frequency, subtract the VFO fre¬ 
quency, and display the result. In the case of a for- 
ward-tuning VFO, store the complement of the fixed 
’ frequency (subtract the fixed frequency from zero), 
add the VFO frequency, and display the result. These 
additions and subtractions are easily accomplished 
by using up/down counters and sequentially gating 
the frequency to be added to the up input and the 
’’ frequency to be subtracted to the down input, each 
1 for the same fixed interval. The fixed frequency is 
usually crystal controlled and changes very little with 
time. Thus, measuring and storing it once during an 
initial calibration is usually adequate. 

,i The price paid for the single interconnection and 
the simpler circuit is the need to perform a single 
calibration step each time a new band is used. The 
operator, using the receiver's internal calibrator, 
tunes to the bottom edge of the band and presses 
the calibrate (RESET) button on the display. No fur¬ 
ther adjustments are necessary. Depressing the 

By Frank C. Getz, N3FG, 685 Farnum Road, 
Media, Pennsylvania 19063 
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CALIBRATE button stores the VFO frequency and 
displays all zeros. The operator may now tune up the 
band in the normal manner and read the display as 
the frequency above the bottom edge of the band. 
On the twenty meter band, for example, 14.0253 
MHz would be displayed as 025.3, with the 14 read 
from the receiver bandswitch. This calibration re¬ 
quires only a few seconds and is something that 
should normally be done anyway. 

The circuit will handle either forward- or reverse¬ 
tuning VFOs, but, for the purpose of this explanation, 
assume a reverse-tuning VFO. Pressing the CALI 
BRATE button will clear the 74192 up/down counters 
and cause them to count the VFO frequency in the up 
direction for 100 milliseconds. The result is then 
stored in the 7475 latches. All subsequent count 
cycles will start at the number stored in the latches 
and count down for 100 milliseconds. Suppose the 
calibrate button were pressed when the receiver was 
tuned to exactly 14.0000 MHz. As a result, 5000 
would be stored in the latches because the VFO was 
at 5.5000 MHz. Tuning the receiver to 14.0253 MHz 
would cause the receiver VFO to be 25.3 kHz lower, 
or 5.4747 MHz. The display counter would now start 
at 5000 and count down for a period of 100 milli¬ 
seconds. The resulting count would be 5000 minus 
4747, or 0253. By permanently enabling the decimal 
point to the left of the least significant digit (LSD), 
the display would show 025.3. Notice that by count¬ 
ing for 100 milliseconds, 54747 cycles are fed to the 
counters, but, since it has only four displays, the 
figure 5 is lost. 

For a forward-tuning VFO, the sequence switch is 
placed in the reverse position. Pressing the calibrate 
button will then cause the first count cycle to be a 
down count with all subsequent cycles up counts. 

Inside view of the assembled digital display. The smaller 
perf board is mounted right behind the bezel. 




Inside view of the receiver digital display The displays, up- 
down counters, and latches are mounted on the small board 
at the left All other circuitry is mounted on the board inside 
the enclosure. 

circuit description 

One section of U1 serves as a 100 kHz crystal 
controlled oscillator (see fig. 1). A divider chain, 
consisting of U2, U3, U4, and U5, drives a 7490 
decade counter, U6 with one clock pulse every 100 
milliseconds. The output of U6 is decoded by U7, 
with output pins 1, 3, and 4 each sequentially going 
low for 100 milliseconds of each measurement cycle. 
A jumper between pins 2 and 8 of U6 causes it to 
have only four output states rather than ten. 

Assume the sequence switch is in the normal posi¬ 
tion. Pressing the CALIBRATE button causes the 
sequence of the next cycle to be dear, count up, 
update. This clears the counters to zero, counts for 
100 milliseconds, and stores the final count in the 
7475 latches. All succeeding cycles follow the se¬ 
quence toad, count down, latch. This loads the num¬ 
ber stored in the latches into the counters, counts 
down for 100 milliseconds, and latches the final 
count into the displays. 

U11 synchronizes the beginning and end of the 
calibrate cycle with the state of U7. Pressing SI 
causes pin 5 of U11 to go high. As a result pin 9 goes 
high at the end of the current cycle and causes the 
next cycle to follow the calibrate sequence, in addi¬ 
tion to resetting the first half of U11. At the end of 
the calibrate sequence, pin 4 of U7 goes high, re 
setting the second half of U11. U10 is the equivalent 
of a double-pole, double-throw switch and deter¬ 
mines the count sequence, either up/down or 
down/up. 

The remaining sections of U11 amplify and square- 
up the VFO signal. Three 4049 CMOS inverters are 
used. The first is biased to serve as an amplifier and 
functions well to above 6 MHz. This is fine for the 
large number of receivers with 5 to 5.5 MHz VFOs; 
but if your VFO operates at frequencies above this, a 
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N3FG DIGITAL DISPLAY 



fig. 1. Schematic diagram of the complete digital display. C7 and C8 are silver-dipped micas; C9 is a small ceramic trimmer. Substitution of the LS-series ICs for the 7490s 

and 74192s will greatly reduce the power supply current permitting the use of a small regulator and transformer. 

























more conventional frequency counter type of circuit 
using one or more discrete fets is in order. 

U12 operates as a straight decade divider and pro¬ 
vides a stable readout with no last digit flicker by act¬ 
ing as an undisplayed counter stage. The display may 
also be used as a conventional up counter or a 
straight down frequency counter by merely throwing 
the offset switch, S2, to the off position. 

construction 

My display was built in a 6.4 x 18 x 15 cm (2 'A x 
7x6 inch) Ten-Tec enclosure using a commercial 
bezel assembly available from Digi-Key. No printed 
circuit board is used. Instead, I used two pieces of 
2.5-mm (0.1-inch) grid perf board, one for the 
counters and displays, and the other for the timing 
and control circuits. All ICs are mounted in wirewrap 
sockets which are in turn cemented to the perf 


+ 5V 



S5 


fig. 2. Diagram of a less expensive substitute for the HP 
5082-7300 LED display. 


board. Most of the interconnections were made 
using standard number 30 AWG (0.25-mm) wire- 
wrap wire and an inexpensive hand-wrapping tool. 
The only exception is the power buses, which are 
number 18 AWG (2-mm) solid bare wire mounted on 
push-in solder terminals and run on either side of 
each row of 1C sockets. Bypass capacitors (0.01 /iF) 
were used liberally throughout the circuit. The volt¬ 
age regulator is mounted on the rear of the cabinet 
using thermal compound, and several vent holes 
were drilled in the cabinet sides to remove inter¬ 
nal heat. 

The displays shown in the schematic are very com¬ 
pact and convenient, as they include decoders and 
latches, but they tend to be rather expensive if they 
must be purchased new. A functionally equivalent 
and much cheaper arrangement could be made using 
7475 latches, 7447 decoder/drivers, and common- 
anode, seven-segment LED displays, 2 but a slightly 
larger cabinet would probably be required (see fig. 
2 ). 

The 100-kHz crystal I used is of unknown lineage 
and different crystals may require a slight adjustment 
of component values in the oscillator circuit. The 
8000-jtF power supply filter capacitor could probably 
be reduced to half the value without any problems 
and a 1.5-amp regulator substituted for the LM 323, 
as the current requirement at 5 volts is about 900 
mA, a bit less than I originally anticipated. 

calibration 

Clip a piece of insulated hookup wire to pin 2 of U1 
to act as an antenna and place it near a receiver 
tuned to WWV. Zero beat WWV with the trimmer and 
you're ready to go. If you have a good frequency 
counter, adjust the trimmers for exactly 100 kHz. 

I hope that the ideas and circuits presented here 
prove to be informative and may perhaps encourage 
the construction of improved designs using hardware 
that will appear in the future. Counter latch combina¬ 
tions and dividers with a modulus greater than ten 
could serve to simplify construction considerably. 
For anyone attempting construction as shown, I 
would be pleased to supply advice or answer ques¬ 
tions. Please include a stamped, self-addressed 
envelope with all inquiries. Now that I have had the 
use of this display for several months, I wish I'd built 
one years ago. 


references 

1. Jon Hagen, W7URZ, "A Simple Frequency Counter for Receivers,” 
QST, December, 1972, page 11. 

2. Bruce McNair, WB2NYK, "A Digital Frequency Display for Amateur 
Communications Equipment,” ham radio, September, 1976, page 16. 
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NEW - NEW - NEW from DATA SIGNAL 


TOUCH TONE® MICROPHONE 

DataCoder 5 


u 


39' 


Lana j 

i l 


JUST LOOK AT THESE FEATURES: 


MINIATURE ENCODERS 



MODEL DTM — Completely self-contained miniature encoder 
for hand held portables. Only 5/16" thick. Three wire con 
nection. Automatic PTT keying optional. With your choice of 
12- or 16-digit Digitran keyboard 

Price DTM - $39.00. DTM.PTT $49.00 

SUB-MINIATURE ENCODERS 


Tough "Mobile Environment’* Microphone 
Positive-Action Tactile Keys 

High-Impedance Ceramic or 500-ohm Dynamic Cartridge 

Adjustable Tone Balance and Output Level 

“Positive Hold Easy Lift” Hanger 

For Vehicle or Hand-held Portable Use 

Complete . . . Not a Kit . . . $39.00 

•Touch-Tona is a registered 



MODEL SME>1: Smallest available crystal controlled Touch 
Tone encoder, only 0.2"h x 0.5"w x 1.8"d. Complete with all 
connecting wires, mounts inside portable. MODEL SME>2: 


crystal controlled Touch 
1.8"d. Complete with all 



“ Hanger Only 1" square, mounts directly to pins on 12- or 16-digit 

Portable Use Digitran keyboards. Price of either unit $29.00 with choice of 

• 39.00 keyboards. SME-1 or SME-2 encoder only (less keyboard) $24.00. 

•Touch-Tone is a registered trade name of AT&T___ 

DATA SIGNAL, INC. 5 Ml 


2403 COMMERCE LANE 
ALBANY, GEORGIA 31707, 912-883-4703 


Be sure to ask about 
our new keyers and CW 
memory for CW buffs. 




CRYSTALS 


JAN 

CRYSTALS 
KEEP 
YOU ON 
THE AIR 


• CB 

• CB standard 

• 2 meter 
- - Scanners 

« Amateur Bands 
« General 
Communication 

• industry 

• Marine VHF 

• Microprocessor 
crystals 

S end id for our latest catalog 
Write or phone for more details 

Jan Crystals 
2400 Crystal Drive 
Ft Myers Florida 53907 
all phones (813) 936 2397 




432 Yogis 

by K2RI 

B t 


IF YOU’RE SERIOUS 
ABOUT 432... 



• 111 PLACE EAST COAST VHF SOCIETY'S 
1978 ANTENNA GAIN CONTEST 

• 19 ELEMENTS. TANUEM REFLECTOR* 

• 12 MH, BANDWIDTH. 432 MH, CF 

• INTEGRAL BALUN. SO S2 TYPE N 

• ALL ELEMENTS INSULATED FROM BOOM- 
NO GAIN LOSS FROM WEATHERINGI 

• 13-FT SELF SUPPORTING BOOM 

• WEIGHS ONLY 2 3/4 POUNDSI 

•PATfcNT PtNDiNo 

MODEL 432 19 . . $59.95 

441 MHi CF A TV MODEL 441 19 . S&9.9S 


POWER DIVIDERS 

Hew 

FOR FEEDING MULTIPLE ANTENNAS 

420 450 MH* - RUGGED - WEATHERPROOF 

• 2-WAY SPLIT, MODEL 4PD2 . . 

$24.95 

• 4 WAY SPLIT, MODE L 4PD4. 

$29.95 

• 8-WAY SPLIT, MODEL 4PD8. . 

. S49.95 

| >11411 *1)11 t JOB MM HIM '.H.PflNl, ••AMlIlV, H.8.V 
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YOU’VE SEEN THE MAGAZINE ARTICLES 

Here's what you can expect 
from the DX ENGINEERING 
RF Speech Processor 


6 db INCREASE IN AVERAGE 

power r.~ 


?• l 
' 


easy to charge 


J* J PRODUCTS |Aj 

BOX 191. BABYLON. N Y 11702 


MAINTAINS VOICE QUALITY 
IMPROVES INTELLIGIBILITY 
NO CABLES OR BENCH 
SPACE REQUIRED g. 

EXCELLENT FOR ^ 

PHONE PATCH : 

NO ADDITIONAL ADJUST¬ 
MENTS—MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE PLUG-IN UNIT —NO 
MODIFICATIONS REQUIRED 


—This is RF Envelope Clipping— 
—the feature being used in new 
transmitter designs for amateur 
and military use 


Models Now Available 
Collins 32S, KWM-2 $ 98.50 ea. 
Drake TR 3. TR 4, TR-6. TR-4C. 

T 4. T-4X, T-4XB, T 4XC *128.50 ea. 

Postpaid — Calif. Residents 
add 6% Tax 

Watch for other models later! 


OX Engineering 

1050 East Walnut. Pasadena. Calif 91106 
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Introducing Kantronics' Field Day 

Morse code/teletype reader and code speed display: 


Kantronics' Field Day Morse code/teletype 
reader and code-speed display reads code signals 
right off the air. its powerful microcomputer 
system picks out signals, computes their speed, 
and reads even sloppy copy up to 80 words 
per minute! 

1. Flys through the air 
with the greatest of ease. 

Field Day is simple to use. you plug it into 
your station receiver just as you would a set of 
headphones. 

Code and teletype conversations are 
converted from dots and dashes to standard 
alphanumeric text. The text advances across 10 
big half-inch displays, and lab tests show that 
even the fastest CW is easily readable. 

Field Day displays incoming or outgoing code 
speeds for you at the touch of a button. An 
accurate code speed-sampling program shows 
the speed right on the front panel. Everything is 
enclosed in a single, lightweight package that’s 
small enough to fit in with the rest of 
your station. 

2. Pay a little, get a lot 

in addition to a highly superior code-reading 
program and unique on-board speed display, Field 


Day has the specifications that make it a truly great 
code reader. 

Modes: CW. rtty and speed display speed Range: 3-80 
WPM. RTTY Speeds: 60, 67, 75 and 100 baudot. Code 
Display: 10 alphanumeric displays Special Characters: AS, 
AR SK BT, /,?,(,), ",", comma, period, colon, semicolon, 
understood, attention, and error. Filtering: Active, 
750 Hz center, 200 hz bandwidth, input impedance: 1,000 
ohms. Power Requirements: 117 Vac, 20 watts. 
Dimensions: HWD 3.44 by 8.50 by 9.25 Warranty: 
Limited, one year parts and labor price: 5449.95 Shipments 
after 3/1/79. 

3. C'mon, take a test drive. 

Check with these Authorzed Kantronics dealers for 
more information on the Field Day Morse 
Code/teletype reader and code-speed display: 
Associated Radio 'Kansas City. Barry /New York, 
Bill’s/Carbondale, IL, Brodie/Moore, OK, 

Burghardt/ Watertown, SD. Burstein-Applebee /Kansas 
City cohoon /Trenton, ky and Austintown, OH, Fontana 
Electronics /Fontana, CA, H-E-P/Aurora, CO, 
Hirsch/williamsville, NY. Long's/Birmingham, 

Madison Houston, MidCom/St. Louis. Omar/Durand, Ml. 
Omaha Radio Center/Omaha. Oueen City/Cincinnati, 

Radio world /Oriskany, NY spectronics/Oak Park. IL. 

Tracy /Fort Worth. 

Kl KANTRONICS 

The Lightweight Champs. 

(913)842-7745 

1202 East 23rd Street 

Lawrence, Kansas 66044 


Our Smart Machine 

TRADEMARK 


reads sloppy copy. 



COMPACT ENCLOSURE. 

In mch#s FIELD DAY is only 
3 44 high by 8 SO wide by 9 25 


SPEED DISPLAY 

Special program computes 
received and transmitted 
code speeds 


MOVABLE SUPPORT ARM 

Tills to different viewing angles 


SMART CODE-EDITOR 

Copy sent by sloppy fists is edited before display 

Reads good code too 1 j 


RTTY COPY 

Control functions in back 
lor copying all 
the standard baudot speeds 


ON-BOARD 
CODE DISPLAY. 

No need to fote around 
o TV set to copy code 














new approach 
fora 

1-MHz oscillator 


A reversion to 
basic oscillator concepts, 
this oscillator 
was built 
with optimized circuitry 


Most of the oscillators built by Amateurs use a 
single transistor to perform several functions. How¬ 
ever, the basic principles of operation are somewhat 
a mystery. The original analysis of the oscillator, 
done in the 1920s, showed that it could be divided 
into separate stages (see fig. 1). By actually building 
separate stages, you can obtain a better understand¬ 
ing of oscillator operation. This article presents an 
oscillator built using those basic concepts. 

circuit description 

The RCA CA3028 differential amplifier, shown in 
fig. 2, is used as an amplifier and limiter. Feedback, 
for the actual oscillator, is the limited sinewave from 
the pin 6 output. Note that this is a noninverting 
configuration. The amount of feedback is controlled 


for each stage 

— 

AMPLIFIER 

— 

LIMITER 

fig, 1. Diagram of the basic 




stages needed for an I_ 

oscillator. ' 

RESONATOR - 

FEEDBACK 


by the 5-kilohm pot connected to pin 6. Feedback is 
injected into the quartz-crystal resonator. Because 
the crystal acts as a bandpass filter, the output will 
be a sinewave, in this case at 1 MHz. However, the 
crystal cannot be connected to the limiter without a 
penalty. The input impedance of a limiting differen¬ 
tial pair is nonlinear. To overcome this problem, the 
crystal must be isolated from the limiter. This is done 
by connecting a common-base amplifier between the 
resonator output and the amplifier input. The com- 

By Thomas V. Cefalo, WA1SPI, 29 Oak 

Street, Winchester, Massachusetts 01890 
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100 



fig. 2. Schematic of the 1-MHz oscillator built using separate stages for each function rather than combining functions into a 
single device. All resistors, except R1, can be 1/8 watt; R1 is a 1/4-watt resistor. The power requirement is 36 mA at 15 volts. 


mon-base amplifier provides a constant impedance 
load for the crystal. Because the output of the limiter 
is fixed, regardless of its input, and because the 
resonator also sees a constant impedance, the sine- 
wave at the collector of the common-base stage has 


should oscillate. If it does not, increase the feedback 
until oscillation occurs at 8 volts. After the feedback 
is correctly adjusted, connect the output to a counter 
and adjust the crystal frequency with the small 
trimmer. 


Rl 

100 



fig. 3. Diagram of a 40-meter LC-tuned VFO built using the same guidelines as the crystal oscillator. 


a constant amplitude. This signal completes the loop 
by driving the limiter. The output is taken from pin 8, 
the unused inverting output. The output from the 
CA3028 is a limited sinewave. To make the output a 
clean square wave, an SD211 DMOS FET was used. 
The FET is driven into saturation, squaring the signal. 

construction and adjustment 

The oscillator was built on a piece of perforated 
board and housed in a 10 x 5.4 x 4.3 cm (4 x 
2-1/8 x 1-5/8 inch) mini-box. Adjust the 5-kilohm 
variable resistor until the circuit goes into oscillation. 
Next, reduce the power supply voltage to zero and 
slowly increase the voltage. At 8 volts, the circuit 


The output is a 4-volt peak signal with a rise time 
of 100 ns. The variation in frequency, at 1 MHz, is 
0.5 Hz over a 1-second interval. This is due to the 
quality of the crystal and thermal effects. This varia¬ 
tion can be reduced if a higher-quality crystal is used. 
Also, the environment can be temperature controlled 
with an oven or the use of insulation. The final fre¬ 
quency error was adjusted to 0.05 Hz. My present 
application for the oscillator is a time base in a fre¬ 
quency counter. However, you could modify the cir¬ 
cuit to act as an LC-tuned VFO (see fig. 3). Since 
the SD211 FET amplifier is inverting, feedback is 
taken from pin 6, the inverting output. 

ham radio 
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novel method 
for matching 
input impedance of 

grounded-grid power-amplifier tubes 


When I was thinking about driving a tube power 
amplifier with my 20-watt transistorized ssb general- 
coverage transceiver, I noticed that uniform match¬ 
ing from the 50-ohm output of the transceiver into 
the amplifier between 1.8 and 30 MHz might present 
some problems. A circuit with a grounded cathode 
tube wasn't too attractive, because of the required 
neutralization and the various voltages needed for a 
tetrode or pentode. So I decided to use one of the 
modern grounded-grid tubes of the 8873-8875 series. 
Their input impedance is in the vicinity of 100 ohms, 
but since it's a dynamic input, impedance varies as 
drive level changes. 

It's therefore highly recommended to use at least 
one tuned circuit between the exciter and the cath¬ 
ode connection of the tube to store energy and sta¬ 
bilize the dynamic input impedance. Since this tuned 
circuit requires retuning when the frequency is 
changed more than 10 per cent, such an arrange¬ 
ment would be highly impractical. 

Note that this energy-storing circuit, although 
sometimes used in a pi configuration, does not really 
suppress exciter harmonics. Standard practice is to 
have enough harmonic suppression already in the 
exciter, and a 50-ohm output is provided from the 
exciter. 


quency range of between 1 MHz and 60 MHz. This is 
important, because even high-order harmonics must 
be properly terminated, otherwise high transient volt¬ 
ages can be developed in the driver stages. 

If you consider the fact that the frequency range 
between 1.8 and 30 MHz, on the basis of individual 
filters, must be split into at least seven segments 



fig. 1. Simple network for constant impedance matching 
and ideal energy storage between a low-level driver and 
power amplifier using tubes in the grounded-grid configura¬ 
tion. System is a bandpass filter with Chebishev response in 
both bandpass and stop-band regions. Frequency range is 
1-60 MHz. See text for recommended components. 

(and assuming three components per segment), the 
total number of segments would be twenty-one, 
while here only fourteen are required. 


matching network 

With these things in mind, and using a calculator 
to determine elliptical filters, I constructed a match¬ 
ing network that provides perfect matching and ideal 
energy storage between 1.8 and 30 MHz (fig. 1). 
This is a bandpass filter, which has Chebishev re¬ 
sponse in both bandpass and stop-band areas. It 
provides a constant impedance match over the fre- 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest 
Drive, Upper Saddle River, New Jersey 
07458 


components 

All component values are included in the sche¬ 
matic. You must use 500-volt mica capacitors to¬ 
gether with either air-wound coils or coils with suit¬ 
able ferrite materials, such as toroids. The recom¬ 
mended material for the latter is either Q1 or Q2 
(Indiana General), Part no. F : 625/9 (dimensions in 
inches: D1 equals 0.375, D2 equals 0.187, and H 
equals 0.125). 

A filter of this design has been successfully used, 
and no contribution to intermodulation distortion 
has been measured at a 25-watt drive level. 

ham radio 
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the key-toggle 


Key-toggle, another form 
of fast break-in, 
featuring simple 
but effective 
hand-key control 
of the transmitter 

I wonder whether some psychologist won’t 
someday discover that ham radio owes much of its 
appeal to the fact that you can say your piece in 
silence and the other guy can’t interrupt until you're 
through. Even in most VOX systems, the other per¬ 
son cannot force interruption. Perhaps this is one of 
several reasons why "full break-in" CW operation 
has not yet become prevalent. It is not difficult tech¬ 
nically, but there are still those of us who choose 
not to use it. 

For handling commercial traffic on a clear channel, 
full break-in is perhaps best; but for most other 
activities, coupled with reasonable and unselfish 
operating practices, I prefer my key toggle mode. To 
come on the air, you just start keying. To switch to 
receive, you simply hold a dash a little longer than 


■ normal (time adjustable). Key-toggle can be just 
about as fast as full break-in, but the other guy can't 
break you. For example, when you are winding up a 
transmission, the last letter normally sent is dah-di- 
dah. With key-toggle, it's dah-di-da/ra/r, click, click. 
The first click switches your transmitter's plate sup¬ 
ply off and the second click, milliseconds later, 
switches the antenna relay and opens the receiver 
(optional). You are now in receive mode until you 
start keying again. When you hit the key, once again: 
click, click. But this time the antenna relay is 
switched and the receiver muted first; then, milli¬ 
seconds later, the transmitter's plate supply comes 
on and you are ON again. No combination of letters 
J or long pauses will change the relays, switching you 
back to the receive mode. Only a long dash will 
toggle your station back to receive. 

circuit description 

Major components, as seen in fig. 1, include a 
741 operational amplifier configured as a dual time 
constant integrator, a 711 comparator, a 7474 TTL 
flip-flop, a few transistors, and three relays. The 
KEY UP output of U1 is a nominal +2 volts. Q1 is 
conducting, which effectively limits the voltage 
across the 1-/*F timing capacitor to near zero volts. 
With the + 1 volt on pin 2, and 3 volts on pin 3, the 
output of U3 is also low. This places K2 and K3 in 
the de-energized (receive) state. 

When the key is pressed, Q1 is cut off, which lets 

By Don E. Hildreth, W6NRW, Post Office 
Box 60003, Sunnyvale, California 94088 
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fig. 1. Schematic diagram of the key-toggle system. K1 is a Radio Shack relay (275 004); K2 and K3 are relays 275-206. Ensure that the contact ratings of the 
relays are not exceeded by the controlled equipment. 





the op-amp circuit start ramping positive because of 
the +2 volts and the timing components connected 
to pin 2 of U1. When the level at pin 2 of U2 just 
exceeds the voltage at its negative input, the com¬ 
parator snaps high (with the help of some positive 
feedback). This toggles the U3, making Q high (pin 
9) and Q low. With pin 9 of U3 high, a turn-on volt- 


TRANSMITTER OSCILLATOR 
KEYED DURING 
THIS INTERVAL 


KEY PRESSED . 
TOGGLE TO TRANSMIT i 


| END OF KEYED LONG DASH 
f TOGGLE TO RECEIVE 


BASE OF 03 - 




ANTENNA TO TRANSMIT 


8ASE OF 04 - 




TRANSMIT HIGH VOLTAGE ON 


fig. 2. Relay keying sequence when switching from 
receive to transmit. 


age is fed to Q3 and Q4 through timing control net¬ 
works. The base network for Q3 comes on first and 
causes it to turn on very fast and turn off slowly. Q3 
operates K2 for antenna control and receiver muting. 
The RC network connection through K3 to the base 
of Q4 causes this transistor to turn on after Q3. After 
K3 is activated, the RC network is removed, allowing 
Q4 to turn off before Q3. Fig. 2 shows the timing 
sequence for K2 and K3. K2 is the basic keying relay 
and must be able to follow keying speeds. For some 
keying circuits, K1 may be replaced with a 1-kilohm 
resistor for direct_keying. 

By using the Q output of U3 and Q2 as a switch, 
the system provides a short time constant for switch¬ 
ing from receiver to transmit and the longer, variable¬ 
time constant when switching from transmit to re¬ 
ceive. 

why key-toggle 

Back in May, 1950, Hiele showed a system 1 which, 
with variations, has been much used. In Hiele's sys¬ 
tem, the switch-over from receive to transmit is done 
quickly, just as in key-toggle, but the transmit mode 
switches to receive after your key is up a selectable 
time, sort of a "dead man's switch." This system is 
used in many modern transceivers through an appli¬ 
cation of the VOX system to CW operation. The 
relay timing system is simpler with this method be¬ 
cause your key must be up in order to switch, but it 
has its own drawbacks in operation. If you adjust the 


time delay to allow for reasonable pauses when send¬ 
ing, the time seems like forever when switching over. 
And, if you adjust the timing for a quick turnover, 
your receiver blasts you when you pause. With key- 
toggle, you are in command. In fairness, however, 
it is recognized that key-toggle is not applicable to 
any automatic type of keyer. 

power supply and construction 

I used an inexpensive wall transformer supply 
system, although the 12-volt units usually supply 14 
volts when lightly loaded, this poses no problem to 
the relays or op-amp. A zener diode is'used to obtain 
+ 5 volts for the comparator and flip-flop. Maximum 
current is approximately 150 mA. Since this device 
is always used where strong rf fields are generated, 
a metal enclosure is probably mandatory. 

connections 

Outputs from Key-Toggle are contact closures 
intended to operate existing antenna and transmit¬ 
ter relays. Capacitors have been chosen to prevent 
switching transients from burning contacts and from 
false-triggering U3. For low voltage operation, as is 
the case in solid state equipment, the closures may 
be applied directly to the equipment. 

operating with key-toggle 

Assuming you are in receive status, you switch to 
transmit at the initial touch of your key (the switching 
process will shave a small piece off of your first dot 
or dash). Your transmitter will remain active until 
you hold a dash slightly longer than normal, the 
exact time determined by the TIME DELAY setting, 
which may be set between approximately 0.2 and 
2.0 seconds. Adjust the time delay pot such that the 
time required to toggle your system is slightly longer 
than the time length of the dashes at the rate you 
intend to send. 

One note, however: If you simply press your key 
and hold it when switching from receive to transmit, 
your transmitter will remain ON as long as the key is 
held down. After switching from receive to transmit, 
your key must be released at least once before a dash 
can toggle the relays, 

This system takes a little time to get used to, but 
once you get the hang of it you can actually toggle 
for a quick listen between words, even between 
letters when you are not sending too fast. And 
switching will only occur when you choose. 

reference 

1. M. E. Hiele, W2SO. "An Automatic Transmitter Turner-Onner,' 1 QST, 
May, 1950, page 56. 
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Introducing the first 
price breakthrough 
in amateur radio 
equipment in a decade! 


ATLAS 1K> TRANSCEIVER 


input rating (250 watt model requires a separate AC 
power supply.) 

The receive portion of the 110 transceiver is also 
available separately, as the Atlas RX-110 receiver. The 
TX-110 transmit module may be added later 

20 W MODEL 110 STANDARD TRANSCEIVER $388 
20 W MODEL 110 SPECIAL 0 TRANSCEIVER $428 

(iHuslraled above) 

250W MODEL 110 STANDARD TRANSCEIVER $478 
250W MODEL 110 SPECIAL 0 TRANSCEIVER $518 
PS-11 OH AC POWER SUPPLY $89 

(required with 250 watt transceiver) 

•Includes RIT. CW inter. RF Gain Control. 

For complete details see your Atlas dealer or drop us a 
card and we ll mail you a brochure with dealer list 


• Self-contained power supply and speaker 

• All solid state 

» Covers 10-80 meters 

• 20 watt input power 

(250 watt model available) 

• SSB and semi-break-in CW with sidetone 

True, it doesn't have all the bells and whistles, but it 
does two things extremely well: 

It does an excellent job of receiving 
It does an excellent job of transmitting. 

On both SSB and CW. 

Compare the performance of the Atlas 110 with any 
other equipment on the market, and see for yourself: 
it is truly a high performance transceiver in every 
respect. 

And it costs only $388 

Also available is the Model 110 Special, which includes 
RIT, CW Filter, and RF Gain Control. 

Both the 110 Standard and the 110 Special transceivers 
are available with either 20 watt or 250 watt power 


RADIO INC. 

417 Via Del Monte, Oceanside. CA 92054 
Phone (714) 433-1983 
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The age of tone control has come to 
Amateur Radio. What better way to utilize 
our ever diminishing resource of fre¬ 
quency spectrum? Sub-audible tone 
control allows several repeaters to share 
the same channel with minimal geo¬ 
graphic separation. It allows protection 
from intermod and interference for 
repeaters, remote base stations, and 
autopatches. It even allows silent moni¬ 
toring of our crowded simplex channels. 


We make the most reliable and complete 
line of tone products available. All are 
totally immune to RF, use plug-in, field 
replaceable, frequency determining 
elements for low cost and the most 
accurate and stable frequency control 
possible. Our impeccable 1 day delivery 
is unmatched in the industry and you are 
protected by a full 1 year warranty when 
our products are returned to the factory 
for repair. Isn’t it time for you to get into 
the New Age of tone control? 






















TS-1 Sub-Audible Encoder-Decoder • Microminiature in 
size. 1.25" x 2.0' x .65" • Encodes and decodes simultaneously • 
$59.95 complete with K-1 element. 

TS-1 JR Sub-Audible Encoder-Decoder • Microminiature 
version of the TS-1 measuring just 1.0' x 1.25" x .65". for hand¬ 
held units • $79.95 complete with K-1 element. 

ME-3 Sub-Audible Encoder • Microminiature in size, 
measures .45' x 1 f x .6' • Instant start-up • $29.95 complete 
with K-1 element 

TE-8 Eight-Tone Sub-Audible Encoder • Measures 2.6' x 
2.0* x V • Frequency selection made by either a pull to ground 
or to supply • $69.95 with 8 K-1 elements. 

PE-2 Two-Tone Sequential Encoder for paging • Two call 
unit • Measuresi 25'x2.0'x 65' • $49.95with2K-2elements 


SD-1 Two-Tone Sequential Decoder • Frequency range is 
268.5-2109 4 Hz • Measures 12' x 167' x .65' • Momentary 
output for horn relay, latched output for call light and receiver 
muting built-in • $59.95 with 2 K-2 elements. 


TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder • 
Frequency range is 67.0 - 263.0 Hz sub-audible or 1650 - 4200 Hz 
burst-tone • Measures 4.25" x 2.5' x 1.5" • $79.95 with 
12 K-1 elements 


ST-1 Burst-Tone Encoder • Measures .95' x .5' x .5' plus 
K-1 measurements • Frequency range is 1650-4200 Hz • 

$29.95 with K-1 element 

COMMUNICA TIONS SPECIALISTS 

426 West Taft Avenue. Orange, CA 92667 
(800) 854-0547. California residents use: (714) 998-3021 
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i-f transformers — 
problems and cures 

All serious communications receivers, trans¬ 
ceivers, and most transmitters use the heterodyne 
principle for frequency generation. For receivers, 
various frequencies are converted to a single fre¬ 
quency called the intermediate frequency (i-f), while 


primary and secondary coils are resonated by a ca¬ 
pacitor) in a shielded can. 

Fig. 1A shows two i-f transformers. Both of these 
are in the now-standard 1.9-cm (0.75-inch) shielded 
can. One of the transformers uses a threaded rod 
attached to the inductor core for tuning, while the 
other uses just an access hole to admit a tuning tool. 
In some cases, the inductor core will have a screw¬ 
driver slot to permit adjustment, while in others a 
hexagonal hole is cut through the center of each 
core. In the latter case, a special insulated hex align¬ 
ment tool is used. The hex type offers the advantage 
of permitting adjustment of both primary and secon¬ 
dary tank circuits from the same side of the chassis. 

Fig. IB shows the pins at the bottom of the trans¬ 
former. For an i-f transformer, at least four pins are 
required and some may have five or six pins. Some 
older models used wire leads instead of pins, and, of 
course, transformers intended for printed-circuit 
mounting will have solder tails instead of pins. 

Fig. 2 shows several of the literally dozens of i-f 



O O 

fig. 1. Two versions of the standard 1.9-cm (0.75-inch) i f transformer, showing the different methods of tuning the inductor. IB) 
shows the connection pins at the base of the transformer. 


transmitters, on the other hand, will create the ssb 
signal at an i-f and then heterodyne it to the ham 
bands. 

An i-f amplifier is a tuned radio-frequency ampli¬ 
fier that operates on a single frequency (e.g ., 455 
kHz, 3350 kHz, or 9 MHz). In most cases, the tuned 
circuits in the i-f amplifier are tuned transformers (the 

By Joe Carr, K4IPV, 5440 South Eighth 
Road, Arlington, Virginia 22204 


transformers used in Amateur Radio gear. The trans¬ 
former in fig. 2A uses two tuned coils. In a few early 
receivers, the tuning of the tanks was accomplished 
by the adjusting capacitors, the adjustment screws 
being accessible through holes cut into the shielded 
can. Most modern transformers, however, use a 
slug-tuned coil to tune the tank. The version shown 
in fig. 2A is commonly found in vacuum-tube equip¬ 
ment. Figs. 2B and 2C show transformers designed 
for use in solid state equipment. The version in fig. 
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2B uses taps on the primary and secondary windings 
to match the low impedances normally found in tran 
sistor circuits. In fig. 2C the secondary is an untuned 
link. The transformer in fig. 2D is very similar to the 
one in Fig. 2A, except that a built-in bypass capaci¬ 
tor is provided to decouple the cold side of the se¬ 
condary. These i-f transformer circuits are not un¬ 
usual; they represent those most commonly found 
in receivers. 

Fig. 2E shows a pinout configuration used by 
many manufacturers; note the odd sequence for 
numbering the pins. A color dot, usually green, 
identifies pin number one, with pins two through 
four occupying the four corners. These pins are 
usually connected to the tank circuit in the manner 
shown in fig. 2A. Pins 5 and 6 are reserved for such 
things at taps (fig. 2B) or bypass capacitors 
(fig. 2D). 

Older units, using wire leads instead of pins often 
follow the specific color code: 

blue — plate 
red — B + 

green — grid or detector diode 
black — grid or diode return 

transformer failures 

Fortunately, i-f transformers are relatively simple 
devices, with failures limited to a few problems, 
such as open windings, shorted or open capacitors, 
windings shorted together, and the inability to 
resonate. 

Open windings rarely occur anyplace except right 
at the transformer pins. Fig. 3 shows a close-up 
view of the wire from one winding that has broken 
at the pin. Once the signal tracing gets you to the 



fig. 3. Example of a broken transformer 
wire at the connection pin. 


driver to pry open the metal shield. Most of the trans¬ 
formers in use have a coil form mounted on a plastic 
base, with the entire assembly slid into the shielded 
can. Tabs on the can are then bent over to form re¬ 
tainers which keep the coil form and base in place. It 
is a simple matter to pry these tabs loose and then 
gently pull the base from the metal shell. 

Use small long-nose pliers when working on the 
transformer. In fact, it is best if you use tweezers 
instead of pliers. Avoid pulling on the wire; it will 
break, and right at the coil form! It is then almost 
impossible to repair the coil without rewinding it. 

The wire should be resoldered to the pin using a 
small, pencil-type soldering iron, not a gun. There 
will usually be enough pretinned wire left to allow re- 
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fig. 2. Versions (A) through (D) show different configurations for the i-f transformers. 
The pin numbering system is shown in (El (bottom view). 


correct stage, this type of problem can be diagnosed 
with an ohmmeter. 

The open winding is also the usual cause of the 
intermittent i-f. Interestingly enough, I have seen 
many cases over the years where the wire had never 
been soldered. The transformer worked nicely for 
many years, until either corrosion built up or a 
mechanical jarring knocked the wire loose. 

Repairing the open-winding problem is easy in 
many cases — if you are gentle. Use a small screw¬ 


soldering to the pin. But, if not. do not try stripping 
the wire or you will break it. Insulation may be re¬ 
moved by gently scraping the wire with a razor blade 
or sharp knife. Keep in mind that even this is at the 
risk of breaking the wire. The best method is to melt 
the insulation with the tip of the pencil iron. 

Ordinarily, there will be enough slack to make the 
new connection without stretching the wire. If not, 
bend the pin toward the wire — do not try to stretch 
the wire. If this is not possible, then solder a short 
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fig. 4. Technique for isolating a noisy i-f transformer. R 
should be equal to the plate resistance of the tube, with C 
being 0.01 to 0.1 /iF. 


piece of wire to the pin for use as a jumper. A single 
wire removed from a piece of stranded hookup 
seems about right. 

Because of the low coil resistance, it is often im¬ 
possible to tell if an i-f transformer capacitor is bad. 
Signal tracing will usually isolate the problem at the 
correct stage, and then dc measurements and a tube 
or transistor check will leave you with the fact that 
there is nothing left except the transformer. 

Only one type of problem, the noisy i-f transfor¬ 
mer, is easily identified as a bad transformer. This 
problem produces a crashing, crackling, static-type 
noise. To isolate the problem, remove the tube from 
its socket or break the plate lead between the trans¬ 
former and the plate pin on the tube socket. Tem¬ 
porarily solder a resistor (see fig. 4) between the 
plate and cathode pins (or ground). The value of the 
resistor should be approximately the plate resistance 
of the tube. If noise persists, then suspect the trans¬ 
former. As a quick extra confirmation, shunt a 0.01- 
to 0.1-/xF capacitor across the grid and cathode of 
the following stage. If the noise disappears, then the 
i-f transformer is bad. 

The i-f transformer is bad if the noise persists when 
the tube is removed and the resistor is connected to 
the circuit, or if the noise disappears or is reduced 
significantly when the shunt capacitor is connected. 
In a multi-stage, cascade i-f amplifier, each stage 
may have to be checked separately in succession, 
beginning with the stage that is closest to the de¬ 
tector. 

In many cases, the noise is caused by a bad tuning 
capacitor inside the transformer can. Some trans¬ 
formers use individual ceramic or silver mica capaci¬ 
tors (which rarely go bad), but in most cases the two 
capacitors will be as shown in fig. 5. In fig. 5A, the 
capacitor is formed from a piece of mica dielectric 
with the silver plates deposited on both sides. A pair 
of contact springs connect each plate to its respec¬ 
tive pin. This arrangement can cause noise by dc 
breakdown of the mica or by noisy contacts. In the 
latter case, cleaning and retensioning often cures 
the problem. The second arrangement, shown in 
fig. 5B, buries the fixed mica compression capaci¬ 
tors inside of a molded plastic base. 


A study by the service department of a major 
automobile radio manufacturer revealed that, in 
humid regions of the country, there are roughly two 
to three times as many trimmer capacitor and i-f 
transformer problems than in dry areas. The best 
remedy for this is to replace the transformer. But, if 
that is impossible or would take too long, try replac¬ 
ing the bad capacitor with a disc ceramic or silver 
mica capacitor. 

If the original capacitor is like the one in fig. 5A, it 
is a simple matter to use side cutters to clip off the 
top spring clip contact. Then solder a capacitor of 
the proper value across the terminals (see fig. 6A). 
The proper value can be determined experimentally 
(check first to see if the manufacturer gives the value 
in the schematic) using a GDO or signal generator to 
locate a standard value that will allow the coil to 
resonate at the correct frequency. 

If the bad capacitor is not easily removed or dis¬ 
connected, there is still a possible cure. Disconnect 
the coil wire going to one end of the capacitor, and 
then connect it and one end of the replacement 
capacitor to an unused pin. Or add a pin in one of 
the blank pin slots (fig. 6B) by forcing a piece of 
hook-up wire through the slot. 

The problem of primary to secondary short cir¬ 
cuits comes about because the wires from the upper 
coil pass by, and may touch, the winding of the low¬ 
er coil. The problem almost always results in B + 
leaking through to the grid of the next stage or the 
plate of the detector diode. 

The cure here may be as simple as moving the 
wires apart and then patching up the damaged spot 
using Q-dope, high voltage corona dope, or just 
glue. Replacement of the transformer, however, may 
be required. 

You'll sometimes find a transformer that is not 
causing static, passes all dc checks, but signals will 


o 




'-\ 

V 

_ 

PLASTIC BASE t 


MICA ELEMENT, 
SILVERED ON 
BOTH SIDES 



MICA ELEMENT 
(SEE FIG. 5A ALSO) 


fig. 5. The compression trimmer can be one of two types, 
either open or enclosed in the plastic base. Cleaning and 
retensioning the version shown in (A) can cure the problem, 
though replacement is required for the molded version (B). 
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fig. 6. (A) shows a replacement capacitor soldered directly across the pins at the base. To replace a molded capacitor, a new pin 
is inserted in the base of the transformer (see photograph B) 


not go through or are severely reduced in strength. 
Barring such rare problems as shorted windings and 
open capacitors, it is often the case that one of the 
tanks is off resonance due to a cracked or broken 
ferrite tuning slug. To replace the slug, break it into 
smaller pieces (it rarely will come out by its threads!) 
and then remove them by shaking. A replacement 
slug can then be installed. Find an i-f transformer of 
the same frequency range and with the same type of 
slug. Salvage the slug and install it in the bad trans 
former. Some electronic parts suppliers stock small 
assortments of tuning slugs for just this purpose. 
Note that 9-MHz ssb transceiver slugs can often be 



fig 7. Mounting hardware for i-f transformers, which can be 
used to replace older 2.5-cm 11-inch) transformers. 


replaced with a slug from a 10.7-MHz fm broadcast 
receiver. 

Regardless of the problem, except perhaps the 
open coil repair, the best solution is to replace the 
bad i-f transformer with a new part purchased from 
the equipment manufacturer. However, this is not 
always possible, especially in older gear. Even if the 
company is still in business, the set may be so old 
that they no longer support the product. A few years 
after a model is discontinued, support usually 
vanishes. 

It is possible to buy new i f transformers. Com 
panies such as J.W. Miller and others still manufac¬ 
ture both direct replacements for many types, and 
so-called "universal" i-f transformers. Their cata 
logues should reveal at least one or two currently 
made models which are good candidates for replace¬ 
ment of the bad unit in your rig. It's unlikely that a 
cross-reference listing for a piece of ham gear is 
available, but a careful reading of the specifications 
and inspection of the circuit diagram will lead to a 
replacement. 

Older 2.5-cm (1 -inch) or larger i-f transformers 
are especially difficult to replace. However, if you are 
willing to make a few mechanical modifications, the 
standard 1.9-cm (0.75-inch) transformers can be 
pressed into service using the adapter plates and 
mounting clips (fig. 7) provided with replacement 
transformer. 

ham radio 
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The DXers Choice 


RIT-C- IF SHIFT MIC-#-CAR AF GAIN *♦" RF GAIN 


HEATER POWER 


COMP LEVEL 


BAND 


Kenwood's TS-820S has everything the 
Amateur Operator could want in a quality 


utilizing a 455-kHz circuit to provide quick time-constant com 
pression. will get the message through RF negative feedback 
is applied from the final to the driver to improve linearity, and 
third order products are at least 35 dB Harmonic spurious 
emissions are less than 40 dB and other spurs are less than 
60 dB 

RF input power is 200 W PEP on SSB. 160 W DC on CW. and 
100 W DC on FSK Receiver sensitivity is better than 0.25 
for 10 dB S/N 

The TS-820S from Kenwood 1 See it today at your nearest 
Authorized Kenwood Dealer 


Time proven over thousands of hours of operating time, 
the Kenwood TS-820S has become the preferred rig for 
those individuals interested in high reliability. And, the 
TS-820S has every feature any Amateur could want for 
operating enjoyment, on any band, from 160 through all of 
10 meters... plus an RF speech processor in the transmitter, 
IF shift and sharp filters in the receiver. All combine to give 
optimum performance under all conditions. 

You can always tell who's running a TS-820S Its superb quality 
stands out from all the other rigs on the band and when the 
QRM gets heavy the TS 820S's adjustable RF speech processor. 
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MIT 
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K11 


5?OS 
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TS 
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TS-520S and DG-5 

DIGITAL FREQUENCY DISPLAY 


It's an ideal choice for anyone 
looking towards owning a highly 
reliable, highly efficient amateur 
radio transceiver. 

FEATURES: 

Full coverage, 160 through 10 me 
ters. digital readout with optional 
DG 5...effective noise blanker and 
audio processor...RF input power: 
200 watts PEP on SSB, 160 watts 
DC on CW The TS 520S transceiver 
provides full transmit and receive 
coverage of all Amateur bands from 
160 through 10 meters. It also receives 
15.0 (WWV) to 155 MHz and another 


500 kHz range of your choice in the 
auxiliary band position. With the op 
tional DG 5, you have a large digital 
frequency readout when transmitting 
and receiving, and the DG 5 also 
doubles as a 40 MHz frequency coun 
ter. The TS 520S includes a built-in 
AC power supply, and. with the ad¬ 
dition of the optional DS 1A DC DC 
converter, it can function as a mobile 
rig. It features a very effective noise 
blanker. RIT, eight pole crystal filter, 
25 kHz calibrator, front panel carrier 
level control, semi break in CW with 
side-tone, built in speaker, heater 


switch, 20 dB RF attenuator and easy 
phone patch connection. RF input 
power is 200 W PEP on SSB and 
160 W DC on CW Carrier suppres¬ 
sion is better than -40 dB and side 
band suppression is better than 50 
dB. Spurious radiation is less than 
-40 dB Receiver sensitivity is 0.25 
mV for 10 dB (S+NJ/N Selectivity is 
2.4 kHz at 6 dB/4 A kHz at 60 dB 
and. with the optional CW 520 CW 
filter, is 0.5 kHz at -6 dB,/1.5 kHz at 
60 dB. See your Authorized Ken¬ 
wood Dealer now for complete in 
formation! 


©KENWOOD 

1 ... pacesetter in amateur- radio 


TRIO-KENWOOO COMMUNICATIONS, INC. 

1111 WEST WALNUT/ COMPTON, CA 90230 
























Heath HW-2036 


updating the 

to the HW-2036A 


Modifications to the 
Heath HW-2036 
to provide complete coverage 

of the new 
two-meter repeater subband 


Now that the two-meter band has repeater allo¬ 
cations in the lower half, people with HW-2036 
transceivers are feeling left out in the cold. No 
longer! With a small parts kit available from Heath, a 
few additional parts obtained (through Heath or 
purchased on your own), and these simple instruc¬ 
tions, you can update your HW-2036 to cover the 
entire band. In fact, the transceiver will operate over 
a six-MHz range, from 143 MHz to beyond 149 MHz, 
although with reduced output at the extreme edges. 

updating early HW-2036s: 

Before actually beginning conversion of the HW- 
2036, check to see that your HW-2036 has all the 
updates that Heath has added since this model was 
introduced. There were addendum sheets included 
with the manual, in addition to several changes in 
the manual itself to reflect parts values different from 
those printed on the circuit boards. On the receiver 
board, R206 and R209 should be 10 kilohms, and 
C214, C215, and C216 should be 4.7-pF NPO disc 
ceramics. Also, 0204 was changed from a MPF-105 
to an EL-131. If you have to replace these six parts, 
you will need to realign the receiver i-f. Wait, how¬ 
ever, until the rest of the changes have been made. 

On the synthesizer board, R419 should be 10- 
kilohms, C442 a 20-pF NPO disc ceramic, C403 a 100- 
pF NPO disc ceramic, and R445 220 ohms. These 
parts changes reduce drive to the synthesizer loop 
mixer. And finally, on the transmitter board, R141 
should be 180 kilohms, 'h watt, which increases the 


zener bias in the 11-volt regulator. Only very early 
HW-2036s might need any of these changes. Your 
HW-2036 is now up to date. Table 1 lists all the parts 
needed to convert the HW-2036. 

conversion to the HW-2036A 

There are changes to be made on each board, and 
we found it easier to do one board at a time and then 
do the alignment board-by-board when everything 
was bolted back together. It is necessary to have 
some method of removing solder from the double¬ 
sided boards before attempting to remove the parts. 

Power Amplifier Board. Remove the transceiver 
top and bottom covers and begin with the power 
amp board by removing the heatsinks from the back 
panel. Unsolder and disconnect the ground wires 
connected to the corners of the transmitter and re¬ 
ceiver boards. Carefully pull the molex connector 
apart, remove the two nuts that hold the power 
amplifier assembly to the back of the chassis, and 
swing the board down on its leads. A 12-pF dipped- 
mica capacitor (C235 in the HW-2036A manual) is 
added to the output connector on the inside of the 
board. 

Prepare this capacitor by cutting the leads 22 mm 
(7/8 inch) long and slipping 19 mm (3/4 inch) of 
spaghetti or insulation over each lead. Bend the 
exposed 2-mm (1 /8-inch) lead at right angles away 
from the body of the capacitor. Lay the capacitor on 
the foil of the board and solder one lead to the anten¬ 
na jack center pin and the other to the foil where the 
ground wire pokes through the board. This forms a 
filter across the output. The lead length is the induc¬ 
tance part of the filter. Reassemble the board to the 
rear apron, but leave the ground wires to the trans¬ 
mitter and receiver boards loose for now. Replace 
the molex connector. 

VCO Board. Heath now supplies a parts kit for 
modifying the VCO; it consists of two mica capaci- 

By Mike Miller, WB6TMH and Ed Fitzgerald, 
WA60DR. Mr. Miller's address is 173 Leveroni 
Road, Sonoma, California 95476. Mr. Fitzgerald 
can be reached at Post Office Box 75, Cotati, 
California 94928. 
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tors, a coil, and a new varicap diode (parts kit num¬ 
ber 830 29, $3.95). Begin by removing the VCO cover 
screws and unsoldering the two lugs on the side (a 
soldering gun may be necessary for this step). Break 
loose the epoxy bead between the coil and the cover. 
Remove the nuts and washers and pull the board up 
on its leads to gain access to the bottom. Cut the 
epoxy bond between C503 and L501. If C503 is 
broken it will be necessary to replace it (Heath 21 
192 $1.35). 

Unsolder and remove L501, C513, C509, and 
VD502. Replace each component with the parts 
supplied in the Heath package. Reglue L501 to the 
board, C503 to the side of L501, and C513 and C509 
to each other. Now, replace the board on its bolts 
and turn on the power. Set the frequency switches 
to 146.000 MHz and run the slug of the new coil up 
and down, checking that the synthesizer lock light 
on the front panel goes out at some point, indicating 
the VCO is operational. Install the cover, gluing the 
coil to the top and soldering the lugs on the side. 
These changes increase the tuning range of the VCO 
by increasing the oscillator L/C ratio and making the 
varicap diode a larger part of the total capacitance. A 
full alignment of the VCO will be completed later. 

Synthesizer Board. First, remove the black wire at 
tached to point C on the power amp board to allow 
room for the synthesizer board to swing up. Remove 
the thirteen wires that attach the thumbwheel 
switches to the front end of the board and the four 
nuts and washers. Now, swing the board up on its 
remaining leads and remove R427 and R428, chang 
ing the values so that R427 becomes 5.6 kilohms and 
R428 10 kilohms. Page 61 of the manual can be used 
to locate these two resistors. 

Replace the board on its bolts, attach the black 
wire to point C on the power amp board, and refer to 
pictorials 4-10 and 4-11 for color code and wire place¬ 
ment when attaching the thirteen wires to the fre 
quency switches. Again turn on the power and check 
to see that the synthesizer lock light goes out. 



CZ35 

OUTPUT 

FILTER 


Location of C236 which, in conjunction with its lead length, 
forms a filter on the output of the transmitter. 


table 1. Parts list of components needed to update the HW- 
2036 to an HW 2036A. Unless otherwise noted, all resistors 
are 1/4 watt, 5 per cent tolerance. 


update parts 

Heath Heath 


Designation 

value/description 

number 

price 

C214, C215, 
C216 

4.7-pF NPO disc ceramic 

21 168 

$0 29 

C442 

20 pF NPO disc ceramic 

21-51 

0.25 

Q204 

EL 131 (replaces MPF 105) 

417 241 

2.10 

R141 

180 ohms, Vi watt 

1 112 

0.22 

R206. R209 

10 kilohms 10 per cent 

1 9 12 

0 24 

R419 

10 kilohms 

6 103 12 

0.25 

R445 

2.2 kilohms 

1 4 12 

024 

C403' 

100 pF disc ceramic 

21 75 

0.25 


C503 

conversion parts 

0.1 (iF monolithic ceramic 

21-192 

$1.35 

C509’ 

22 pF 5 per cent dipped mica 

20 99 

0.40 

C513’ 

125 pF 5 per cent dipped mica 

20-117 

0.50 

C201’ 

5-pF NPO dipped ceramic 

21 78 

0.25 

C235’ 

12 pF 5 per cent dipped mica 

21-130 

0.45 

L501’ 

0.25 ;«H 

40 1855 

0.95 

VD502’ 

Motorola MV2110 

56 640 

1.65 

R103* 

100 ohms 

6 101 12 

0.25 

R233’ 

15 kilohms 

6 153 12 

0.25 

R427’ 

5.6 kilohms 

6 562 12 

0.25 

R428' 

10 kilohms 

6-103 12 

0.25 


’Note These parts can be obtained as a kit with instructions 
(Heath part number 830 291 for S3.95 


Receiver Board. Remove the four nuts and wash 
ers, remove the coax from points A and B, and tilt 
the board up on its remaining leads. Referring to 
pages 45-52 in the manual, change the value of R233 
to 15 kilohms. This increases the drive to the receiver 
doubler. 

Next, remove C201 and the shield alongside of 
L201 and L202. Remove 3 mm (1/8 inch) of the paper 
insulation from the vertical edge nearest L213. Cut a 
piece of 0.2-mm (0.01-inch) brass shim stock or cop¬ 
per flashing to 22 x 16 mm (7/8 x 5/8 inch), bend¬ 
ing 3 mm (1/8 inch) of the long side at right angles to 
form a tab. Clean the shim stock and shield with 
steel wool and solder the tab to the existing shield 
where the insulation was removed. Alligator clips will 
hold the pieces together during the soldering. 

Remove L202 and install the modified shield on its 
original pins. Solder the shield pin nearest L204 to 
hold it in place and run a bead of solder along the 
shield extension, joining it to the board foil behind 
C203 and L202. Also, run a bead of solder along the 
back of the shield next to C201. Replace L202, noting 
the polarity, and change C201 to a 5-pF NPO disc 
ceramic; solder both components in place, as well as 
the second shield pin. 

Bolt the board down again and resolder the ground 
lead from the power amplifier board to the corner of 
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the receiver board. Connect the power, turn on the 
transceiver, and tune in a local repeater to see that 
everything works properly. Full alignment will be 
done last. 

Transmitter Board. Remove the phono plugs from 
J101 and J102, and remove the five nuts and wash¬ 
ers holding down the board. Disconnect the molex 
connector to the power amplifier board and also the 

CSI3 

C509 
C5II 

VDS02 

L50I 
C303 

This photograph shows the locations of components that 
were changed on the VCO board. 



tor to pin B, hidden under the wiring harness. Now, 
solder the other end of the 2.5-cm (1 inch) wire from 
the board foil near pin N to solder lug DA on the rear 
apron. Make this lead as short as possible and trim 
off the excess. Reconnect the ground wires from the 
receiver and transmitter boards to the power ampli 
fier board. 

Install two ground lugs at stud X on the power 
amplifier board. Solder one lug directly to the chas 
sis. Remove the coax shield from point B on the 
power amplifier board and solder it to the second lug 
on stud X. 

alignment 

VCO Board. Set C511 on the VCO board to mid 
capacity. Attach the dc probe of a VTVM to TP401 on 
the synthesizer board; set the frequency switches to 
146.000 MHz; and set the mode switch on the front 
panel to SIMPLEX. Turn the slug of coil L501 up until 
it shows at the top of the coil. Key the transmitter 
with the dummy load attached and rotate the slug 
down until the VTVM reads 2.2 volts. The SYNTHE¬ 
SIZER LOCK light should be out at this point. 

With the transceiver not keyed, adjust C501 until 
the VTVM again reads 2.2 volts. This completes the 
VCO adjustments. 


four large power connections labeled G, P, R, and V. 
Pull off the three-pin connector on regulator IC1 and 
unsolder the lead of the 0.001 capacitor from 
ground lug DA (refer to page 106). Carefully tilt up 
the board on its remaining leads. 

Referring to page 74, remove R103 and replace it 
with a 100-ohm resistor. Remove the connectors on 
pins B. L, and N and solder the base of these pins to 
the board foil. These pins are the shield connections 
for interconnecting coax leads and should be rigidly 
grounded to both sides of the circuit-board ground 
plane! 

Pull the red wire from pin S. Clip off and discard 
the 0.001 yiF capacitor from the end and remove the 
two ferrite beads. Strip 3 mm (1/8 inch) of insulation 
from the end of the red wire and add approximately 
7.5 mm (3 inches) of wire of a similar size, covering 
the soldered splice with heat shrink tubing or spa 
ghetti. Now strip 16 mm (5/8 inch) of insulation from 
the extended wire and slip on the two ferrite beads 
just removed. There should be about 3 mm (1/8 inch) 
of wire sticking out. Solder this end to pin OUT, 
alongside the yellow wire from regulator IC1. Next, 
take a 2.5-cm (1-inch) piece of solid wire, bend a 
3 mm II/8-inch) tab on one end, and solder this tab 
to the circuit board foil next to pin N. 

Install the board on its bolts again. Be sure to posi 
tion the long coaxial cable along the top of the front 
of the board, as shown on page 106 of the manual 
Replace all board connectors, phone plugs, and the 
connector on IC1.. Don't forget the shield connec- 


Transmitter Board. Since the transmitter strip is 
already aligned to a center frequency of 147.000 
MHz, an abbreviated procedure is used to center the 
transmitter at 146.000 MHz, providing full output 
over the entire frequency range. First, install the 
dummy load. Set the thumbwheel switches to 
146.000 MHz and connect the rf probe to TP101. The 
kit supplied probe is fine and can be used with the 
dc scale of a standard VTVM for better sensitivity. 
Adjust L101 and L102 for maximum output with the 
transmitter keyed. Several adjustments may be 
necessary. 

Move the rf probe to TP 102, key the transmitter. 


L20/ 


SHIELD 


L 202 

SOLDER 
BEAD 

The addition to the shield can be seen in this photograph of 
the receiver board Part of the paper insulation was removed 
to allow the addition to be soldered to the original shield. 
When it's installed, the bottom of the new piece is soldered 
to the circuit board. 
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and adjust L103 and L104 for maximum. Remove the 
probe, and, with the transmitter keyed, adjust L105, 
L106, and L107 for maximum output as indicated on 
the front panel's relative power meter. The peak on 
LI06 will be very broad. 

Now, set the frequency switches to 144.500 MHz 
and adjust L101 for maximum output at this lower 
band edge. Then, with the frequency set to 147.500 
MHz, adjust L102 for maximum. Repeat these two 
steps, which are designed to stagger the tuning over 
the full band. Finally, set the frequency to 144.000 
MHz, key the transmitter, and check the relative 
power meter to be sure the transmitter has full out¬ 
put at the extreme band edge. Repeat this step at 
147.990 MHz. There may be a slight difference at 
each end, but not much. 

« 

Power Amplifier Board. Set the frequency 
switches to 145.000 MHz, and, with the transmitter 
keyed into the dummy load, adjust the power ampli¬ 
fier trimmers in this order: A, B, C, D, E, D, C, A, B. 
Do not adjust trimmer capacitor A any further clock¬ 
wise than is necessary for maximum output. This 
single adjustment series should provide nearly equal 
output across the entire band. Remember to replace 
the heatsinks! 

Receiver Board. Set the frequency to 146.000 MHz. 
connect the rf probe to gate 2 of 0202 on the receiver 
board, and adjust L402 and L403 on the synthesizer 
board and L212 and L213 on the receiver board for 
maximum level. Perform these adjustments in the 
order listed and repeat at least once. This provides 
maximum local oscillator injection to the first mixer. 

Next, remove the antenna coax from points A and 
B on the receiver board and connect the kit-supplied 



Close-up of the receiver shield with the addition soldered to 
the right edge 


jumper from points A and B to points TP106 and 
TP107 on the transmitter board. Now, adjust L201, 
L202, L203, and L204 for maximum S-meter reading 
with the frequency set to 146.000 MHz. It may be 
necessary to adjust the frequency up or down slightly 
to pick up the harmonics of the reference oscillator 
being used as the alignment signal source. Also, 
since there is a high signal level, C147 on the trans 
mitter board may be adjusted to maintain the meter 

GROUND WIRC 
NEXT TO PIN N 


FERRITE BEAD 
ON WIRE CON¬ 
NECTED TO 
PINOUT 

SPLICED CON¬ 
NECTION TO 
RED WIRE 


Changes to the transmitter board can be seen in this photo 
graph. Note that the wire extension is now soldered to pin 
OUT instead of pin S. 

reading at half scale or less. If this does not provide 
enough signal reduction, slightly detune i-f coil L207 
on the receiver board. Once L201 through L204 are 
adjusted properly. 1207 can be repeaked by re 
moving the jumper from point A and holding it a 
small distance from the pin. This will provide enough 
signal to peak L207 without overloading the i-f strip. 

At this point, if you replaced the parts in the i-f 
strip, refer now to the manual instructions for align¬ 
ing the i-f stages. Few will need this however, and, if 
not disturbed, the rest of the i-f will not need atten¬ 
tion. This completes the conversion. 

remarks and notes 

We found that the birdies on 146 OCX) MHz and 
146.520 MHz were slightly decreased in signal 
strength but not eliminated. The reference oscilla 
tor and offset oscillator should not need attention if 
care was taken not to disturb their trimmers during 
the modification. 

Reducing power consumption. Several ICs can 
successfully be replaced with low-power Schottky 
versions (LS series). IC104, IC105, and IC106 (7490s) 
may be replaced with 74LS90s. 1C 107 (7492) may be 
changed to a 74LS92. IC405 (7400) may be changed 
to a 74LS00, and IC404 (7473) may be changed to 
74LS73. 1C 103 (7400) may not be replaced! These 
changes will reduce current drain about 20 per cent. 
It may be possible to change these devices to the 
CMOS series for further power reduction, but we 
haven't yet tried that substitution. 

ham radio 
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TROUBLE FREE TOUCH-TONE® ENCODER 


Patented 

i-H h - 2 00 

375 


PP-1 b PP-1K 

■1 LETTERING 
_J OPTIONAL 


POSITIVE TOUCH (KEYS DEPRESS) • MOBILE • HANDHELD 
POSITIVE MOUNT • NO POTTED PARTS (SERVICEABLE) 
MU SPEC COMPONENTS • NO RFI • SELF CONTAINED 
XTAL CONTROLLED • LEVEL ADJUSTMENT fROM FRONT 
• 4 5 - 60 V D C • WILL OPERATE ANY SYSTEM 

Supplied with Instructions, schematic, template, hard 
ware PP 1 A designed lor Standard Communications 
Handhelds (California orders add 6^> sales tax I 

PP 1=$55 00 PP 2=$58 00 PP1A=S58 00 
PP 1 K=S66 00 PP 2K=S69 00 
K-senes = Sell Contained Delay Relay 
M Series Detached Frame-for irregular installations 
SEND FOR CATALOG 

Av4iUM« at H*m Radio Cenifi iH(X)i 325 3636 

IVmvim Colo CW EI«rl(onic» |303| 891 &W5 

Lux Angeles Hnmy R«iImi (?I3| 7 12 08(31 

New Voik City. M#iiiwn (8001 64S-9187 

Canada Winnipeg Piama Cumm i?04) 78(3 698b 


PP 2 b PP 2 


<pipo ^Communications 

Emphasis is on Quality ft Reliability 


PO Box 3435 °E pT B 
Hollywood. California 90028 
213/852 1515 


NOW AVAILABLE FROM M & M 

The first West Coast dealership 
for these unique antennae. 



Array of 8 K2RIW 19s used by WB6NMT on 432 MHz EME 
Louis QSOed W1 JR 2 1 Orfober 78 with this array to become 
the lirst amateur on FOUR BANDS EME (50 144 220 also) 
and all 4 bands were made only with home-to-home OSOs 
The 8 RIW array did the job m just under two months ot 
work lor the entire system Much faster than had hoped lor 
(This configuration also included 8-10 element Yagis tor 144 
MHz EME) 

K2RIW 19 EL YAGI 

With Tandem-reflector* 

(pat. pend.) 


HEY HFers! 


How's your 10 meter receiver work¬ 
ing? Signal! a little weak? Having 
trouble pulling out tboee weak ones? 
Lunar has a new preamp |ust tor you. 
Their model PAI ^ 

28E-S Is a mini- 
Inline 10 mtr. 
preamp that will 
up your 
transceiver. 

Small enough to fit Inside most any 
HF rig, a flick ol the switch bypasses 
the preamp, and the transceiver Is 
back lo normal operation lor other 
bands. On 10 meter, another flick ol 
the switch, and new life Is added lo 
that tired receiver. Stop missing 
those weak rare ones. Call lor Im¬ 
mediate delivery ol this preamp, and 
all Lunar products, too. 


• Outperforms all others 

• 24 degree beamwidth 

• Handles legal power 

• Low VSWR. under 1.2:1 at 432 MHz 

• Handles 434 MHz ATV also 

• Complete with all hardware and balun 

• Easily arrayed lor increased gain 

• Lightweight al 1.3 Kg 


Call us tor Immadlata delivery ot these 
antennae. RIW Power Oivldera, too. 


M&M 


RF DISTRIBUTORS 


P.O. BOX 821B3 • SAN DIEGO, CA 
92138 • (714) 299-9741. 
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Ham Model T 140 


ALUMA 

TOWERS 


60 Ft 

Ham Crank-Up 
Model T-60 H 


HIGHEST QUALITY 


MADE IN ALUMINUM 

★ TELESCOPING 

(CRANK UP| 

★ GUYED 

★ TILT OVER MODELS 

QUALITY MADE 
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HAM 

COMMUNICATIONS 

MANY MODELS MFG. 

Towers to 100 feet Specials 
designed & made. See dealer 
or send for free catalog. 


ALUMA TOWER CO. 

BOX 2806HR 

VERO BEACH. FLA. 32960 
PHONE (305) 567-3423 



TOP QUALITY 
MOBILE ANTENNAS 

Q from yf C (‘r'lumumrofinR': 

• Stainless Steel Radiator 

• Heavy Nickel-Chrome Plated 
Brass Base and Fittings 

• Mounts Come with 17 RG- 
S8AU and PL-259 Connectors 

• Compatible with Motorola TAD 
and TAE Mounts 

When ordering sulha J indicates 
implotP .intenna as%»mhly with trunk 
ini mount Sulim M indicates tor 
Inti l‘ niounhng 

BM-2700T 27 31 MHZ . wave 

base loaded 200 watt rating 
Covers 10 meters or CB Great 
mobile antenna for converted CB 
!*■ ngs 49 at lowest frequency and 

i »s approximately 42‘ when cut for 

Ihii meters Complete with trunk 
lid mount assembly $29 95 

BM MATH Extra whip (Cut one 
for 10 and one for CB* $5.00 
BM-4700T Same assembly ex¬ 
cept for 47-o4 MHZ $29.95 
BM 5800T 144 174 MHZ 

wave gain antenna 200 watt 
rating Complete $29.95 

BM MAT 58 or BM MAT 22 '% 

matching coils (these coils with 
whips allow same mounting 
assembly to be used on different 

v bai $ 14.95 

p*. BM 5822 220-225 MHZ wave 

L , gam antenna $ 29 95 

Note: Deduct $4 00 from * T‘price 
■' ■ M assemblies 

Antenna Models Available 

G & C Communications 

I Dept HH. 730 Cottonwood 
- ~ Lincoln. NE 68S10 
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for the . 
experimenter 

INTERNATIONAL H CRYSTALS & KITS/ OSCILLATORS • RF MIXERS • RF AMPLIFIER • POWER AMPLIFIER 



OX OSCILLATOR 

Crystal controlled transistor type. 3 
to 20 MHz, OX-Lo, Cat. No 035100 
. P 20 to 60 MHz, OX-Hi, Cat. 
No 035101. 

Specify when ordering 

MBs? $5 22 ea 


MXX-1 TRANSISTOR RF MIXER 

A single tuned circuit intended 1 _ 

for signal conversion in the 30 to JLJV) 
170 MHz range. Harmonics of the OX #31^7 ^ 
or OF-1 oscillator are used for injec- 
tion in the 60 to 179 MHz range. 3 to 20 Mfmr M 
MHz. Lo Kit. Cat. No. 035105. 20 to 170 # W m 

MHz. Hi Kit. Cat No 035106 
Specify when ordering 
OF-1 OSCILLATOR $5 80 ea 

Resistor/capacitor circuit provides 
_ osc over a range of freq with 

S nc i'T n a 'ra» t0 Nn 2 PAX-1 TRANSISTOR 

iL MHz, OF-1 LO. Cat. No pnw/Fn amp 

ITS 035108. 18 to 60 RF POWEH AMP 

MHz. OF-1 H . A single tuned output amplifier 
Cat No 035109 designed to follow the OX or OF-1 /A 
Specify when ordering oscillator. Outputs up to 200 mw, 
r <ci jo depending on frequency and vol- il Jl 

tanp Amnlifipr ran hp amnlitudp 


SAX-1 TRANSISTOR RF AMP 

A small signal amplifier to drive 
the MXX-1 Mixer. Single 
ym tuned input and link out 
W put. 3 to 20 MHz, Lo Kit. 

7 Cat. No. 03512. 20 
" to 170 MHz. Hi Kit. 

Cat. No 035103. 

Specify when ordering 

$5 80 ea 


BAX-1 

BROADBAND AMP 

General purpose amplifier 
which may be used as a 
tuned or untuned unit in RF 
and audio applications. 20 Hz ^1 
to 150 MHz with 6 to 30 db 
gain. Cat. No. 035107. 

Specify when ordering ^ 

$6 06 ea. 


02% Calibration Tolerance 



EXPERIMENTER CRYSTALS 

(HC 6U Holder) 

Cat. No. Specifications 

031080 3 to 20 MHz — for use in OX OSC Lo 

Specify when ordering $6 25 ea 

031081 20 to 60 MHz — For use in OX OSC Hi 

Specify when ordering $6.25 ea. 

031300 3 to 20 MHz — For use in OF-1L OSC 

Specify when ordering $5.22 ea. 

031310 20 to 60 MHz — For use in OF-1H OSC 

Specify when ordering $5.22 ea 


Shipping and postage (inside U.S., Canada and Mexico only) 
will be prepaid by International Prices quoted for U S., 
Canada and Mexico orders only. Orders for shipment to other 
countries will be quoted on request Address orders to 
M/S Dept., P O Box 32497. 

Oklahoma City. Oklahoma 73132 



INTERNATIONAL CRYSTAL MFG CO.. INC 

10 North Lee Oklahoma City Okla 7310? 






the dasher 


Update your Vibroplex bug 
by using the Dasher — 
a simple circuit 
that provides a continuous 
series of dashes 

Back about 1946, during my days as a commercial 
CW operator, I used to spend an eight-hour shift 
sending traffic in strings of 40 or more messages. 
Many of them were weather messages which had 
groups of five digits and many, many groups per 
message. I was getting a glass arm doing this at 40 
words per minute or better every working day. 

I saw a circuit in an Amateur magazine which used 
two tubes in a multi vibrator circuit that could be 
mounted on top of a regular Vibroplex bug and 
would automatically make the dashes while you 
still get the dots from the mechanical side of your 
bug. I built and used one for years, saving my arm a 
thousand times over. It had the advantage that you 
could make the dashes much longer than the tradi¬ 
tional 3 to 1 ratio. Therefore, you could retain your 
original sending style, yet send perfect code without 
fatigue. 

Since then I haven't been too active — until re¬ 
cently when I got back into both MARS and CW 
work. That's when I remembered that silly thing I 
once built into a cake pan and mounted on top of 
my old Vibroplex. 

Today, however, with all solid-state devices and 
small parts, one can be built in a small box, using a 
9-volt battery for power. I used the 555 1C as a timer 
and a small 6-volt, dc-sensitive relay. 

circuit description 

Fig. 1 shows the circuit I used for the Dasher. In 
some circuits, pin 7 on the 555 was keyed. I tried this 
configuration but it caused a slight "hangover" on 

By Joseph H. Fenn, KH6JF, 3612 Puuku 
Makai Drive, Honolulu, Hawaii 96818 


the last dash of a train, making it very difficult to 
handle. I decided to try keying the 9-volt supply to 
the entire circuit, but this caused the first dash of a 
series to be stretched. Then, I tried leaving the 9 
Vdc connected to all parts of the circuit and keying 
the lead to pin 8. This got rid of the problems, result¬ 
ing in perfect dashes. 

The two pots permit adjustment of both speed 
and weight. The only change needed on a Vibroplex 
bug is to disconnect the lead under the base from the 
dash contact post. Then, use a two-wire, shielded 
mike cable to provide three connections from the 
bug to the input of the Dasher. The shield forms one 
lead from the frame post of the bug, and the other 
two leads connect to the dot and dash contacts. 
Inside the Dasher, the lead from the dot contact is 
connected to the output lead, with the dash contact 
used to control the 555. 



fig. 1. Circuit diagram of the Dasher. The relay is a small 6- 
volt unit available from Radio Shack. The diode can be any 
small signal switching diode. 

Two things I might add for information. I used one 
of the rechargeable, 9-volt, ni-cad batteries and 
brought leads from the battery to screw terminals 
on the side of the box. This way I can connect a 
charger without opening the box. Also, a note of 
caution. Do not ground any of the 9-volt points to a 
ground that is common to the relay output or the bug 
common lead. When I tried the Dasher with my Col¬ 
lins KWM2A barefoot, no problems were en¬ 
countered. However, when I ran the linear with a 
full kilowatt, rf was induced into the leads, causing 
erratic dash length. Putting ferrite beads on the input 
and output leads cured the problem. So have fun and 
don't end up with a glass arm; use the Dasher. 
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FREQUENCY COUNTER KIT 

Outstanding Performance 

Incredible Price 

CT-50 

SPECIFICATIONS: 


The CT-50 is a versatile and precision frequency counter which will measure 
frequencies to 60 mHz and up to 600 mHz with the CT-600 option Large Scale 
Integration CMOS circuitry and solid state display technology have enabled this counter to 
match performance found m units selling for over three times as much Low power 
consumption (typically 300-400 ma) makes the CT-50 ideal for portable battery operation 
Features of the CT-50 include large 8 digit LEO display RF shielded an metal case easy 
pushbutton operation automatic decimal point fully socketed 1C chips and input protection 
to 50 volts to insure against accidental burnout or overload And the best feature of all is the 
easy assembly Clear step by step instructions guide you to a finished unit you can rely on 
Order your today! 

CT-50 60 nw; counter kit S89 95 cB-i Color TV calibrator stabilizer 

C* 50W T 60 mHz counter wired and tested 159 95 DPI DC probe general purpose probe 

CT-600 600 mHz scaler option add 29 95 HP 1 H.gh impedance probe non loadir 


Frequency range 6 Mz to 65 mH/ 600 mH/ witn CT-600 
Resolution iqh/ o 1 sec gate t H/. i sec gate 
Readout 8 digit 0 4 h.gh LED direct readout m mH/ 
Accuracy adjustable to 0 5 ppm 
Stat>'i>!r ? 0 ppm over 10 to 40 C temperature 
compensated 

input BNC t megohm 20 pt direct 50 ohm with C T-60( 
Overload 50VAC manmum all modes 
SenS'tiv-ty lets man 25 to 65 mH/ SO ISO m» to 60b 
mM/ 

Power 110 VAC 6 Watts or i? VOC 400 ma 
S</e 6 « 4 ■ 2 n,gh quality aiummum case 2 ibs 
ICS tJun.ts ail socseten 


OP-AMP SPECIAL 


CAR !'i 

CLOCK 

The UN-KIT. only I 

5 solder connections ■ 

Here s a super looking rugged and accurate auto 
clock which is a snap to build and install Clock 
movement is completely assembied-you only solder 
3 wires and 2 switches takes about 15 minutes' 
Display ■& bright green with automatic brightness 
control photocell -assures you of a highly readable 
display day or night Comes m a satm finish an 
odi/ed aluminum case which can be attached 5 
different ways using 2 sided tape Choice of silver 
black or gold case (speedy) 

DC-3 kit 1? hour toimat S22 95 

DC-3 wired and tested $29 95 

110V AC adapter $5 95 


741 mini dip 12/S2 00 

01-PET mini dip 741 type 10/S2 00 


Under dash 
car clock 


1? 24 hour clock in a beau __ 

Idol plastic case features 6 

lumbo RED LEDS high accuracy (1mm mo) easy 3 
wire hookup display blanks with ignition and super 
instructions Optional dimmer automatically adjusts 
display to ambient light level 

OC-11 clock with mlg bracket $27 95 

OM 1 dimmer adapter 2 50 



PRESCALER 

+0 

E*tend the range of your 
counter to 600 mHz Works 

wdh any counter Includes 2 


transistor pre amp to give supei 
mv at 150 mHz Speedy • 10 or 

sens typically 20 
• 100 ratio 

PS 10 600 mHz prescaler 

$5995 

PS-10K 600 mHz oresealer kd 

49 95 


VIDEO TERMINAL 

A completely self-contained, stand alone video ter¬ 
minal card Requires only an ASCII keyboard and TV 
set to become a complete terminal unit Two units 
available common features are tingle 5V supply. 
XTAL controlled sync and baud rates (to 9600). 
complete compuler and keyboard control Of cursor 
Parity error control and display Accepts and gener¬ 
ates serial ASCII plus parallel keyboard input The 
3216 is 32 char by 16 lines 2 pages with memory 
dump feature The 6416 is 64 char by 16 lines with 
scrolling upper and lower case (optional) and has 
RS-232 and 20ma loop interfaces on board Kits 
include sockets and complete documentation 
RE 3216 terminal card $149.95 

RE 6416. terminal card 199 95 

Lower Case option 6416 only 13.95 

Power Supply Kit 14.95 

Video RF Modulator VD-1 6 95 

Assembled tested units, add 60.00 


CALENDAR ALARM CLOCK 

The clock thats got It all 6- 5" LEDs 12 24 hour 
snoo/e 24 hour alarm 4 year calendar battery 
backup and lots more The super 7001 Chip is used 
Si/e 5*4*2 inches 

Complete kit less case (not available) 

DC 9 $34 95 


30 Watt 2 mtr PWR AMP 

Simple Class C power amp features 8 times power 
gam 1 Win for 8 out 2 m for 15 out 4 W m for 30 out 
Ma* output of 35 W incredible value complete with 
all parts less case and T-R relay 
PA 1 30 W pwr amp kit $22 95 

TR-1 RE sensed T-R relay kit 6.95 


Ramsey's famous MINI-KITS 


FM WIRELESS MIKE KIT 

Transmits up to 300 

to any FM broadcast JL. 

rad*o uses any type oi rYf 

mike Runs on 3 to 9V - 

Type FM 2 nas adder] sen ' 

sitive mike preamp stage 

FM 1 kit $2 95 FM-2MS4 95 


COLOR ORGAN/MUSIC LIGHTS 

See music come alive 1 3 different 
i>gnt% flicker with music One light 
tor lows one lor the mid range and 
one tor Ihe highs Each channel 
individually adjustable and drives 
up to 1O0W Great tor part.es band 
music nite clubs and more 
Complete kit ML-1 $7 95 


LED BLINKY KIT 

A great attention getler wn.ch alter 
naim. flashes 2 |umbo lEDs Use 
tor name badges buttons warning 
panel lights anything' Runs on 3 to 
15 volts 

Complete kit BL 1 $215 


VIDEO MODULATOR KIT 

Converts any TV to video monitor 
Super stable tunaNe over ch 4 6 
Runs on 5 15V accepts std video 
signal Best unit on the market' 
Complete kit VD t $6 95 


TONE DECODER ( . 

A complete y. ^ 

tone decoder on v jAflGKJ 
a single PC board 
Features 400 5000 
M/ adjustable range via 
20 turn pot voltage regulation 567 
1C Useful tor tout h tone decoding 
lone burst detection f'SK etc Can 
also be used as a stable lone en 
coder Runs on 5 to *2 volts 
Complete kit TD-t $5 95 


WHISPER LIGHT KIT 

An interesting krt small mike picks 
up sounds and converts them to 
light The louder the sound the 
brighter the light Completely self 
contained includes mike runs on 
itOVAC controls up to 300 waits 
Complete kit WL • 1 $6 95 


SUPER SLEUTH fiT 

A super sensitive am 
plitter which a h pick 
up a pm drop at 15 t**et' — 

Great tor monitoring baby s room or 
as general purpose amplifier Full 2 
W«ms output runs on 6IO 15 volts 
uses « 45 ohm speaker 
Complete krt BN 9 $5 95 


POWER SUPPLY KIT 

1 

Complete tr.pie »«flu 

lk*y. 

lated power supply pro ^ 


vides variable 6 lu 18 *“ 


volts at 200 ma and • 5V al 1 


Amp E icellent load regulation 

good tillering and smatt s«/e 

less 

transformers requires 6 3V < 

- 1 A 

and 24 VCT 


Complete kit PS-3LT 

$6 95 


famseu slssfmriias 

BOX 4072. ROCHESTER, N Y. 14610 


SIREN KIT 

Produces upward and downward 
waii characteristic of a police siren 
5 W peak audio output runsonS 15 
volts uses 3-45 ohm speaker 
Complete krt SM 3 $2.95 


PHONE ORDERS CALL 
(716) 271-6487 


FM MINI MIKE KIT 

A super high performance FM 
wireless mike kit' Transmits a stable 
signal up to 300 yards with e*cep 
tional audio quality by means of ds 
built in elpctret mike Kit includes 
case mike on-off switch antenna 
battery and supei instructions This 
is the finest unit available 
FM-3 kit *12 95 

FM-3 wired and tested 16.95 



CLOCK KITS 

our Best Seller 
your Best Deal 


Try your hand at building the finest looking 
clock on the market its satin finish anodt/ed 
aluminum case looks great anywhere while si* 4 
LED digits provide a highly readable display This is a 
complete kit no e*tras needed and it only takes t 2 
hours to assemble You» choice ot case colors 
stiver gold bronze Wack blue (speedy) 

Clock kd 12 24 hour DC 5 *22 95 

Clock with 10 mm ID timer 1? 24 hour 

DC 10 27,95 

Alarm clock 12 hour only DC-8 24 95 

12V DC car clock DC-7 27 95 

For wired and tested clocks add $10 00 to kd once 


Hard to find PARTS 


LINEAR ICt 

301 
324 
380 
380 8 

555 

556 

566 

567 
»458 
3900 

CMOS ICS 

4011 

4013 

4046 

4049 

4518 

5369 

TRANSISTORS 

2N3904 type 
2N3906 type 
NPN 30W Pw» 
PNP J0W Pwr 
2N3055 

UJT 2N2646 type 
FET MPF10? type 
UHF ?N5l79type 
MRF 238 RF 
SOCKETS 
8 pm 


$ 35 

7BMG 

$1 25 

1 50 

723 

50 

1 25 

J09K 

65 

75 

7805 

85 

45 

7BL05 

25 

65 

7905 

1 25 

1 15 

7812 

65 

1 25 

7912 

1 25 

50 

7815 

85 

50 

TTL ICs 



74$00 

35 

20 

744 7 

65 

35 

74 75 

50 

1 65 

7490 

50 

40 

7419611 

1 35 

1 25 

SPECIAL ICs 


1 75 

11C90 

1350 


10H6 

i 25 

10 1 00 

4511 

200 

10 1 00 

5314 

2 95 

3 1 00 

5375AB 

2 95 

3 i 00 

7001 

650 

60 

4059 - N 

900 

3 200 

7208 

17 95 

3 200 

LEO* 


3 200 

Jumbo red 

8 1 00 

11 95 

Jumbo green 

6 1 00 


Jumbo yellow 

6 1 00 

10 2 00 

Mm. red 

6 1 00 

10 2 00 

Micro *ed 

8 1 00 

10 200 

B'Pour 

75 

4 200 

FERRITE BEADS 


4 200 

Wdh mlo specs 

15 1 00 

3 200 

6 note balun 

5 1 00 


TERMS: Sat-sfacbo'' yua»anlewd o» money 
refunded COD add Si 50 Mm.mum order 
56 00 Orders undei $’0 00 add 5 75 Add 
5^ for postage insurance handling Ove» 
seas add ’55 Nv residents add 7\ ta* 


More Details? CHECK-OFF Page 118 
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formation 
of passive 
lumped constant 
90-degree 

phase-difference networks 


Construction details 


most useful for Amateur Radio users, 2 to 1 through 
20 to 1. 

network description 


for designing 
equal amplitude, 90-degree, 
phase-difference networks 


A variety of networks, both active and passive, 
have been used over the years for splitting a signal 
into two equal amplitude signals while maintaining a 
quadrature phase relationship between the two com¬ 
ponents. Roger Harrison's article 1 presented a num¬ 
ber of such circuits and rekindled my interest in these 
devices. I first became interested in these circuits 
while designing image outphasing systems for 
sweeping microwave receivers about 20 years ago. 2 - 3 
At UHF and microwave frequencies, 90-degree phas¬ 
ing networks are readily achieved with coaxial or 
stripline hybrids which can be designed for band- 
widths of several octaves. These distributed element 
hybrids become large and difficult to build for the 
lower frequencies. Sometimes, it is also desirable to 
have circuits capable of greater bandwidth. 

I have prepared a table (see table 1) of prototype 
values from which passive, lumped-constant, first- 
order lattice networks (fig. 1) may be designed. This 
table is an adaptation of early work by Darlington 2 
and later work by Bedrosian. Darlington's work is 
basic and requires background in network theory 
plus a comprehensive table of elliptic functions to 
arrive at a practical design. Bedrosian's 3 paper 
included a number of tables of prototype values 
which can be used to calculate inductances, but you 
are stuck with the arbitrary bandwidths he chose 
unless you have access to a table of elliptic func¬ 
tions. Even then, there are several calculations to be 
done before asriving at a design. I have chosen a 
number of bandwidths which I believe would be 


The phase-splitting networks consist of two sepa¬ 
rate lattice networks, a P-network and a Q-network. 
For a given bandwidth, the amount of phase ripple 
(deviation from 90-degree phase difference) depends 
upon the number of lattice sections, the more net¬ 
works the smaller the deviations. N is the total num¬ 
ber of lattice sections in both branches. 

Although the first-order networks are simple, they 
may not be the most practical. This sometimes 
becomes apparent when you try to produce a pair of 
networks operating over a relatively broad range. 


fig. 1. Diagram of a first-order lattice 
network. 



You may discover that the networks, which are oper¬ 
ating over the low-frequency end of the band as “all 
pass" networks, are also behaving at the higher fre¬ 
quencies like lowpass filters with a cut-off frequency 
within the design bandwidth. The reason for this is 
the self-capacitance of the inductors, which makes it 
difficult to place the self-resonance of the coils in the 
low-frequency lattices outside the design band. 

Orchard 4 presented a transformation whereby two 
first-order networks may be combined in a single 
second-order network as shown in fig. 2. 

description and use of the table 

Once you have determined the bandwidth required 
(ratio of upper to lower frequency) and the phase rip¬ 
ple that can be tolerated, you are ready to select the 
appropriate prototype design from the table. Assume 
a 3 to 30 MHz 90-degree network is needed, requiring 

By R. B. Wilds, K6ZV, 14633 Ambric Knolls 
Road, Saratoga, California 95070 
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A Tme “State of the Art” System INFO-TECH 

M-100E TRI-MODE CONVERTER 




INFO TECH M-IOO E 

TRfMOOC CONVERTER 


MORSE FINE TUNE 

© 

oo hz 1?00 > 


RTTY 66 • » RTTY 75 
RTTY 60*^^^fe?RTTY 


© 


UNSHIFT 
ON SPACE 


Converts 
MORSE, 
BAUDOT 
& ASCII 
to video 



CHECK THESE FEATURES: 


• Morse Reception 

6-60 wpm with automatic speed & 
wordspace 

• RTTY Reception 

4 speeds, unshift on space select, auto, 
speed readout 

• ASCII Reception 

110 Baud only 

(For RTTY and ASCII operation, requires 


demodulator for "off the air" reception. 
Interfaces directly with Dovetron or any 
demodulator with digital output.) 

• Video Outputs 

32 character line x 16 line video with 
scrolling 

72 character line x 16 line video with 
scrolling 


M-IOOE (32 character video) $355.00 
M-100E (72 character video) 375.00 
For 230v 50-60hz add 10.00 


Order direct or from these dealers: 


Advanced Electronics 

1349 W King.Street 
Cocoa. Florida 32922 
305-631-1190 

Cohoon Amateur Supply 

Highway 475 
Trenton, Kentucky 42286 

Dialta Amateur Radio Supply 

212 48th Street 

Rapid City. S Dakota 57701 

Emona Electronics 

661 George Street 
Sidney NSW Australia 


Germantown Amateur Supply 

3202 Summer Avenue 
Memphis. Tennessee 38112 
800-238-6168 

Ham Radio Center 

8342 Olive Blvd 

St Louis. Missouri 63132 

800-325-3636 

N & G Distributors 

7285 N W 12th St 
Miami. Florida 33126 
305-592-9685 


Rickies Electronics 

2800 W Meighan Blvd 
Gadsden Alabama 35904 
205-547-2534 

Universal Amateur Radio 

1280 Aida Drive 
Reynoldsburg. Ohio 43068 
614-866-4267 

PANACOM 

P O Box 76093 
Caracas 107 Venezuela 

Marcucci-SPA 
via F, LLI-Bronzetti 
Milan. Italy 


INFfliTFCH ,ncorporated 

'IHi W | I tVII Specializing in Digital 
I J Electronic Systems 


2349 Weldon Parkway • St. Louis, Missouri 63141 • (314) 576-5489 
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Cl X C2 
Cl + C2 



fig. 2. Transformation of a second order to a first-order lat¬ 
tice network. 


a phase deviation of less than two degrees. Table 1 
shows that a network with four lattice sections will 
yield a 10 to 1 bandwidth with a phase ripple of 1.08 
degrees. Table 1 also has normalized prototype 
values which are used to arrive at the actual designs. 

denormalization and design 

The lattice networks are denormalized for the 
geometric center frequency, in this case yj3 x 30 = 
9.487 MHz. The inductances for the P network are 
calculated by: 

_ P value (ZJ ( 1 ) 

L ~ 2rf 0 

where P = value from table 1 

Z 0 = characteristic impedance of network 
f 0 = geometric center frequency 

table 1. Prototype values used for prototype designs. 

BW phase 


ratio 

N 

tolerance 

PI 

P2 

P3 

Q1 

Q2 

2 

2 

1.687 

0.405616 



2.4654 


3 

2 

4.12254 

0.3933 



2.543 


3 

4 

0.0742 

0.1859 

1.539 


0.65 

5.38 

4 

4 

0.178 

0.179 

1.564 


0.64 

5.6 

4 

5 

0.03 

0.142 

1 

7.04 

0.476 

2.1 

5 

4 

0.308 

0.173 

1.586 


0.63 

5.787 

5 

5 

0.06 

0.137 

1 

7.3 

0.466 

2.15 

6 

4 

0.455 

0.167 

1.61 


0.622 

5.97 

6 

5 

0.1 

0.133 

1 

7.54 

0.456 

2.19 

6 

6 

0.02 

0.11 

0.731 

2.75 

0,363 

1.37 

8 

4 

0.77 

0.1585 

1.64 


0.6084 

6.31 

8 

5 

0.184 

0.1254 

1 

7.97 

0.441 

2.267 

8 

6 

0.044 

0.1038 

0.72 

2.87 

0.348 

1.388 

10 

4 

1.08 

0.151 

1.675 


0.597 

6.61 

10 

5 

0.28 

0.1196 

1 

8.36 

0.428 

2.33 

10 

6 

0.07 

0.0989 

0.711 

2.97 

0.336 

1.41 

15 

4 

1.91 

0.137 

1.74 


0.573 

7.28 

15 

5 

0.577 

0.108 

1 

9.25 

0.403 

2.48 

20 

4 

2.55 

0.1285 

1.79 


0.559 

7.78 

20 

5 

0.829 

0.101 

1 

9.9 

0.387 

2.59 


You are now ready to complete the design using 
the P and Q values from table 1. For the P network 
assume Z Q = 50. 


L, = 


Pi'Z 0 = 
2tt/ 0 


0.151 x 50 
2it x 9.487 x 10 6 


= 0.1267 \nH 


r _ 1.675x50 _ , . n , „ 
Lz 59.6X 10 6 


r _ Pi = _ 0J5J = 7hF 

Cl Z 0 »2irf 0 50x59.6x 10 6 50.7pF 


Cz 50 x 59.6 x 10* 562 P F 

For the Q network: 

0.597X50 


i _ Qj • z o __ 

~ 2irf 0 2 -kx 9.487 x 106 


= 0.5nH 


j _ 6.61x50 . .. „ 

Lz 59.6 x 10 6 554 ^ 


C, = 


Z 0 X2irf 0 50 x 59.6 X 10 s 200 pF 

C ‘ 2 = 50x~59.6xW = 2218 P F 


Now the complete circuit can be sketched (see fig. 
3). An example of an N ~ 5 network for the same 
bandwidth is shown in fig. 4. 

The first-order lattice is a balanced circuit whose 
unbalanced equivalent requires the use of a trans¬ 
former. Several types of balanced-to-unbalanced 
transformers, which are suitable for adapting the lat¬ 
tice to an unbalanced circuit, are described in refer¬ 
ence handbooks. You have the option of choosing 
the impedance level of the lattices to effect the 
desired impedance match at the common junction of 
the networks. 

theoretical and experimental results 

The values for table 1 were obtained from a BASIC 
computer program (PHASE90) which is capable of 
designing a wide range of first-order networks with 
bandwidths up to 100 to 1. Several designs from this 
program were analyzed using a BASIC (GNET) net¬ 
work analysis program and were found to perform as 
predicted. 

Finally, to prove the usefulness of the theoretical 
design, a four-section (N = 4) network consisting of 
first-order lattices was built for the 20 to 150 MHz 
range. The phase deviations from 90 degrees were 
about 5 degrees, which is greater than the theoretical 
tolerance of 0.7 degree, but adequate for most 
requirements. This experimental data shows that the 
first-order lattices can be used for an 8 to 1 band- 
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fig 3. Component values for the 3 to 30 MHz. four section 
network. 


width. For greater bandwidths you may have to 
resort to the second-order lattice configuration. 
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fig. 4. A five section equivalent of the network shown 
in fig. 3. 
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FREQUENCY COUNTERS 



COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO 
MAKE YOUR COUNTER COMPLETE HAL 600A 7 DIGIT COUNTER WITH 
FREOUENCY RANGE OF ZERO TO 600 MHz FEATURES TWO INPUTS 
ONE FOR LOW FREOUENCY AND ONE FOR HIGH FREQUENCY. AUTO 
MATIC ZERO SUPPRESSION TIME BASE IS I 0 SEC OR 1 SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY ± 00t% 
UTILIZES 10 MHz CRYSTAL 5 PPM 

COMPLETE KIT *129 

HAL 300A 7 DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 300 
MHz FEATURES TWO INPUTS ONE FOR LOW FREQUENCY AND ONE 
FOR HIGH FREOUENCY: AUTOMATIC ZERO SUPPRESSION TIME BASE 
IS t o SEC OR 1 SEC GATE WITH OPTIONAL 10 SEC GATE AVAILABLE 
ACCURACY ± 001%. UTILIZES 10 MHz CRYSTAL 5 PPM 
COMPLETE KIT *109 

HAL 50A 8 DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 50 
MHz OR BETTER AUTOMATIC DECIMAL POINT ZERO SUPPRESSION 
UPON DEMAND FEATURES TWO INPUTS ONE FOR LOW FREQUENCY 
INPUT. AND ONE ON PANEL FOR USE WITH ANY INTERNALLY 
MOUNTED HALTRONIX PRE SCALER FOR WHICH PROVISIONS HAVE 
ALREADY BEEN MADE 10 SEC AND 1 SEC TIME GATES ACCURACY 
t 001%. UTILIZES 10MHz CRYSTAL 5 PPM 

COMPLETE KIT .$109 

PRE-SCALER KITS 

HAL 300 PRE . S19 95 

(Pro-dulled G 10 board and all componenls) 

HAL 300 A/PRE . $24.95 

(Same as above but with preamp) 

HAL 600 PRE .. $34.95 

(Pre drilled G 10 board and all components) 

HAL 600 A/PRE $39.95 

(Same as above but with preamp) 

TOUCH TONE DECODER KIT 

HIGHLY STABLE DECODER KIT COMES WITH 2 SIDED. PLATED THRU 
AND SOLDER FLOWED G 10 PC BOARD. 7 567's 2 7402. AND ALL ELEC 
TRONIC COMPONENTS BOARD MEASURES 3-1/2 * 5-1/2 INCHES HAS 12 
LINES OUT ONLY *39 95 

DELUXE 12-BUTTON TOUCHTONE ENCODER KIT ulillzing Ihe now ICM 

7206 chip Provides both VISUAL AND AUDIO indications' Comes with Its 
own two lone anodized aluminum cabinet Moasures only 2 3/4' « 3 3:4' 
Complete with Touch Tone pad. board, crystal, chip and ali necessary com 
ponenls to finish Ihe kit 

PRICED AT *29 95 

For those who wish to mount the encoder in a hand held unit, the PC board 
measures only 9H6" » 1-374 This partial kit with PC board crystal, chip 
and componenls 

PRICED AT *14 95 

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE 
VERY POPULAR WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY 
JAMES GARRETT IN QST MAGAZINE AND THE 1975 RADIO AMATEUR S 
HANDBOOK *1695 

ACCUKEYER - MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT 
PROVIDES A SIMPLE. LOW COST METHOD OF ADDING MEMORY CAPA 
BILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR DIRECT 
ATTACHMENT TO THE ABOVE ACCUKEYER IT CAN ALSO BE ATTACHED 
TO ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY 

*16.95 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G 10 PRE DRILLED PC BOARDS. 1 
CLOCK CHIP 6 FND 359 READOUTS. 13 TRANSISTORS 3 CAPS. 9 RESIS 
TORS. 5 DIOOES. 3 PUSH BUTTON SWITCHES. POWER TRANSFORMER 
AND INSTRUCTIONS 

DON T BE FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERY 
THING EXTRA 

PRICED AT *'2 95 

CLOCK CASE Available and will lit any one ol the above clocks Regular 
Price *6 50 Bui Only *4.50 when bought with clock. 

SIX DIGIT ALARM CLOCK KIT lor home, camper. RV. or held day use Oper 
ates on 12 volt AC or DC. and has ils own 60-Hz time base on the board 
Complete with all electronic components and two-piece, pre-dnlied PC 
boards Board size 4" * 3' Complete with speaker and switches II operated 
on DC. there is nothing more to buy * 

PRICED AT *16 95 

Twelvavolt AC line cord lor those who wish to operate the clock Irom 110 
voli AC *2.50 

SHIPPING INFORMATION 

ORDERS OVER *15 00 WILL BE SHIPPED POSTPAID EXCEPT ON ITEMS 
WHERE ADDITIONAL CHARGES ARE REOUESTEO ON ORDERS LESS 
THAN *15 00 PLEASE INCLUDE ADDITIONAL *t 00 FOR HANDLING AND 
MAILING CHARGES SEND SASE FOR FREE FLYER 


- • 
V’ 

•HAr^*- 
HARCXD C NOWIAND 
W8ZXH 


HalTronix 

P O. BOX 1101 
SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 
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LVLLIT ILICII9MICS 

PO. Box 19442 
Dallas. TX. 75219 
_ (214)823-3240_ 


UNIVERSAL SOUND EFFECTS BOARD 

The SE-01 is a kit that contains all the parts 
needed to build a programmable sound ef¬ 
fects generator Designed around the new 
Texas Instruments 76447 Sound Chip, the 
board provides banks of Mini DIP switches 
and pots to program the various combina¬ 
tions of the SLF Oscillator, VCO. Noise. One 
Shot and Envelope Controls. Another 1C is 
used to implement an Adjustable Pulse 
Generator. Level Comparator and Multiplex 
Oscillator for even more versatility The 3V4" 
by 5 plated PC Board features a prototype 
area to allow for user added circuitry. Easily 
programmed to duplicate Explosions. 
Phasor Guns, Steam Trains, or an almost 
infinite number of other sounds, the unit has 
a multitude of applications. The $16.95 price 
includes Assembly Manual, Programming 
Charts, and 76477 Chip specifications 
(speaker not included) Available from stock. 


POWER SUPPLY KIT 
PS-14 

* Be tier t*v«n 700MV load and '*«* 

* foldbeci Current L.m.lrAC 

* S*»ort CtfCU't Prptocied . „r, 

* Tfx*r«r\4< V'utdow*’ 

* AdiuUMM Current l ten I** "" 

* LPU fh#n t\..(*de ** 

* iSarwp* M $ to 14 5V 

* All pern Krpp'Kxl including >-••< > July "PH 
•o»me» 

* Qwehtv P<***<1 »'«■#*»*• PC beard 

REVIEWED IN 7/78 73 MAC 
I5AC0NT. ... /lone 


20A INT 42.95 


OVERVOLTAGE PROTECTION KIT 

6.95 

P'oeidn i Neap wkusnn •#< tou' »ip»"t*r» wv»"»"l 
Tup •(Ktaoe t adiutlet-ie from ] 10 » *®'n Ov»*vu»i*e* 
•ritiant'y L'tt a ?5A SC* and ifi»ti w output «o protect 
*Qu'pw**>t Shoc'ij be .tat) on units that are 'usad 0- 
t*t»lv compatible •ttb !*>• PS I? and PS U An ttotboo 
•atupptad Drilled and uUted PC board 'Order OVP II 


NEVER A SWEETER 
METER' 



Ueaji ' Americe" made panel 
meter* are a snap V> mu' Mvga 
js, wide atari are eaay <o >aad »ou 
WXAI etpeci to pay mo.* *or each 
tfia> »a gal to "e w- WATCHfO 
«T CMftVOC OXAOC 


12.95^ 


MV 1674 Varcao Dtoda ’Opto Nom 7 ' 
Ttdwtg Flange *•* 

7M55A) Hkgri Fred Amg ' *1" # ' ' 
GMT to ft Caae *h«e a S0< 

MPCAOBOa . Watl AuM> Amp « per 
Ac pace W 

MMOifU 100V JA sen lP*a %an*Anre 
gala Viva* bom TTL TO 220 **< 

HtOftSS 50V JA TrtAC Sam***** 

TOft 404 


6 DIGIT ZULU CLOCK KIT 

Ai las' a ttot* tor HAMS Ckeagnad w4M >a>ga t-gr* lED <*Q4* to annanca 
■oir MtACa i/M A a pa«Me to niatoa and *o aa*a on ttooget- 
»ou gat top queer* pads anrl ptalat] PC Board* The tdtojua d eign of toe 
bead sa> ei wean me ha ad at Mas o* 'i/n"g taees r am a an rtp^a and 
‘eado*AOO«>d A» Itowre tea ha. a •wnchaba*>wrc*-fw reeefto 

ler wtMowt daAAbmg -a*- in* f apsad »»•>* •" ma*Ars and seconds vp to 
.*ft">rnwtos V* fv* sr/ad»N0ft hi laadouH andcocna maaeg .e a ng east 
torn a -as Ihe ■<*><•> Dues NOT visa tha tiM «f«*e VH4 cf*p OUt TO A 

SPECIAL PUBCMASC to* HAVt A iMHf 0 OUAATTTr 

COlPil'l TOtU Cl OCA All 

>..r e we a 

Boards large easy to i ese na 


NO COO ft ft* Atft'OtATS AOO ft% TAX 

'.CN0 CMtCA OA MONET 'OAFICN 0*0€AS *00'ON. 

0*01" 0« CHARGE CARO •« O"0t«S A(C>f A 10 
AOO ft% TO A SHIAA NC. AOO Pft*** AANOUNO 

PHONE ORDERS ACCEPTED ON VISA 8 MC 




ELECTROCOM* “SERIES 400 ” 
FREQUENCY SHIFT CONVERTERS 


Professionally engineered for outstanding 
performance, stability and reliability, the 
Electrocom* Models 400 and 402 add new 
dimensions ol compatibility between radio 
and teletypewriter systems Manufactured to 
highest quality standards—an Electrocom 
tradition lor nearly two decades—these units 
are ideal for military, government, commer¬ 
cial. civil defense and amateur applications 
The Model 400 front panel digital knob accu¬ 
rately selects shifts up to 1000 Hz . while two 
such knobs on Ihe Model 402 independently 
set the mark and space frequencies Both 
models may also be preset with any tone pair 
between 1000 and 3200 Hz 
Optimum performance with FSK or AFSK 


systems is assured by matched filters, pre¬ 
cision linear detectors, baud rate selector, 
bias compensation, and semi-diversity cir¬ 
cuitry Operation is enhanced by a CRT 
monitor autostart with solid-state motor 
switching, antispace, markhold. EIA MIL 
output voltages and a constant current loop 
supply In addition, various options are 
available including rack mounting and polar 
current output 

Write or call us lor complete product de¬ 
tails and specifications Learn why Electro- 
corn" 400' Converters are designed not 
only tor today's communication environ¬ 
ment. but ultimately to fulfill RTTY require¬ 
ments for years fo come 



INDUSTRIES 


1105 N. IRONWOOD DRIVE. SOUTH BEND. INDIANA 46615 

Telephone (219) 232-2743 



BUILD-IT-YOURSELF ^ 
: AVIONICS FOR \ 

HAM PILOTS ! 

I Free catalogue describes high lech■ • 
| nology, low cost avionics and test I 
J equipment ottered in kit form. Product J 
| line includes audio panel, aircraft band | 

I two-channel transceiver, digital chro- • 
nometer, navigation and communi- I 
■ cations test equipment, bench power I 
1 supply, and more. Shoot us the coupon 
I tor details. I 


. State_2ip_ 


(916) . 

272-2203 / 




f Radio Systems 
Technology, Inc. 

RR 5. GRASS VALLEY. CA 95945 


MODEL 4431 THRULINE® 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 

IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 








associates 

115 BELLARMINE 
ROCHESTER. Ml 48063 
CALL TOLL FREE 
800 - 521 2333 
IN MICHIGAN 313 - 375-0420 


• Inexpensive multi 
tone encoder 

• Compatible with . 

PL-CG-QC 1 

• Low distortion 
sinewave 

• Input 8-18 VDC 
unregulated 

• Rugged, plastic 
encased with 
leads 

• Adjustable frequency 
(98-250 Hz). Lower 
available 

• Excellent stability 

Send for more Info 


Products 

^ D*pf Hr PO Bo* 2083 Somo Cloro CA 95051a 


Price $19.95 

Freq. set at 
factory 
$5.00 extra 


V it 
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ri-Ex 

Puts the World 
at Your Fingertips 


Get your antenna high enough with a TRI-EX 
tower and bring the world to you. 

Receive signals which you have never heard 
before. 

Send your call to other HAMS who have 
never heard you. 


A TRI-EX tower will give you listening 
power... calling power... and stay-up power 
: that means durability. 

Durability comes from TRI-EX's 25 years of building 
quality towers. These years of experience combined with 
the latest engineering knowledge and materials are used 
to design and build towers which stay up under the 
antenna loads and wind speeds specified. After manufac 
ture our steel towers are hot dipped in molten zinc 
(galvanizing). All exposed steel is covered inside and out 
- including the inside of tubing. 

Our aluminum towers are self-resistant to corrosion. TRI-EX 
TOWERS makes them all: GUYED TOWERS, CRANK-UP 
TOWERS, FREE STANDING TOWERS, STACKED TOWERS. 

And we will install a tower on your site, upon request. 

Cad, or write TRI-EX now for information on the right 
TRTEX tower for you. We will send you our complete 
of prices, delivery dates, installation information and 
of your nearest dealer. Cal TOLL FREE. 

Call our New Number 
1-800-528-6050, Extension 1025 

In Arizona, dial: 
1-800-352-0458, Extension 1025 


tower m 

CORPORATION 7182 Rasmussen Avenue, Visalia, California 93277 
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cabinet construction techniques 


A new construction 
technique which allows 
the builder to build 
a cabinet to fit 
his equipment — 
rather than fitting 
his equipment 
into the cabinet 

All builders of electronic devices eventually come 
up against a continuing problem — what type of cab¬ 
inet to put their creation in. The magnitude of the 
problem increases in direct proportion to the dimen¬ 
sions desired. Commercially manufactured answers 
to the problem are few. If a cabinet is inexpensive, it 
is usually too small or flimsy; if it is rugged enough it 
will usually be too expensive. Trying to find a cabi¬ 
net with the desired size and configuration often 
seems next to impossible. It has been my experience 
that few local dealers ever carry a large percentage of 
a cabinet manufacturer's total line. Therefore, mail 
order must be resorted to, which takes time. 

Many times, the builder must choose "the best of 
the worst" from stock on hand and then tailor con¬ 
struction of the device to fit the cabinet. This prac¬ 
tice usually results in unnecessary work and design 
trade-offs. Another problem that occasionally occurs 
is the need to increase or decrease the depth of a 
cabinet, something not easily accomplished. All of 
this adds up to what I call the "cabinet frustration 
syndrome." 


What follows is an idea that evolved from attempts 
to solve these problems. The result is a rugged, in¬ 
expensive cabinet which is easy to construct in any 
needed size. Fabrication materials are universal in 
that they can be used for most any size cabinet. Most 
of the pieces from scrapped cabinets can be used 
again. With this method, the depth of the cabinet 
can be easily extended or reduced. 

fabrication 

The basic cabinet is made of only two items, the 
end plates and the end-plate support brackets. The 
end plates can be the front and rear panels of your 
unit or they can be subpanels, using a method to be 
described later. The two end plates are simply cut 
from aluminum sheet stock to the desired front- 
panel dimensions. A mounting hole for each bracket 
is drilled in each corner. The end-plate support brack¬ 
ets are the key to this whole method of construction. 
Bolted between the end plates, they provide cabinet 
rigidity, while at the same time allowing construc¬ 
tion flexibility. 

The brackets are made of aluminum U-channel, 
cut to the desired depth. Aluminum U-channel was 
chosen because it is light, relatively inexpensive, and 
readily available at most hardware stores. My first 
attempt, for which I used 12.5-mm (1/2 inch) U- 
channel, was acceptable but resulted in a more 
rugged (and heavier) cabinet than was necessary for 
that application. Cabinets built of 9.5-mm (3/8-inch) 
channel proved to be best for most of my uses. 

Once the U-channel size is decided upon, the next 
step is to locate or fabricate something to lay in the 
channel that will accept the end-plate mounting 
screws. My junk box yielded some threaded metal 
standoffs about 5 cm (2 inches) in length. These fit 
snugly in the channel. The standoffs had a 10-32 

By Bob Thompson, W7KDM, 12213 South 
Oneida, Phoenix, Arizona 85044 
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As seen in this photograph, the standoff was drilled and 
tapped for two additional holes, providing a means of secur¬ 
ing the standoff in the channel stock. 


(M5) threaded hole through their length. Two other 
mounting holes were drilled perpendicular to the 
length and tapped for a 10-32 (M5) thread. These 
holes are for bolting the standoffs to the U-channel. 

If you don't have any standoffs, square aluminum 
stock is usually sold along with the U-channel. This 
can be cut to length, drilled, and tapped as neces¬ 
sary. Of course, the square stock can be cut to a 
length equal to the cabinet depth and used as the 
entire mounting bracket. In that case, only one hole 
must be drilled and tapped in each end. However, a 
solid bracket will have a few disadvantages when 
compared with the U-channel approach; it will be 
heavier, and it will offer less flexibility in the mount¬ 
ing of parts to the brackets. 

Once each bracket has a standoff mounted at 
each end, the four brackets are bolted to the end 
plates, and the basic cabinet is finished! Component 
mounting plates can be above or below the brackets. 
If a center mounting plate is needed, this can easily 
be accomplished with L-brackets. Incidentally, a 
good source of L-brackets for any project is L-shaped 


Example of a chassis that has been lengthened by using 
additional side bracket pieces. 



aluminum stock, usually sold in the same place as 
the other materials. Merely cut the stock to the width 
of L-bracket desired. The L-bracket will be much 
stronger than one made by bending a piece of flat 
stock. 

The basic cabinet is essentially a frame that can be 
covered by cutting and bending lightweight sheet 
aluminum. The design is such that the cover is not 
needed to provide the basic structural integrity and 
strength. This is a big problem with all but the most 
expensive commercial cabinets. Here again, the 
lightweight aluminum cover material is usually sold 
where all the other materials are. 

Rather than making a cover by bending, cutting 
individual pieces of stock and attaching them to their 
respective sides with small screws is also a possibil¬ 
ity. Where a heavier gauge metal will be used for the 
cover, it is possible to entirely eliminate the brackets. 



Close-up of the connection between the two sections 
of a side bracket. 


In this case, a central chassis plate is fastened to the 
end plates with L-brackets. Unless the cabinet is very 
small, the aluminum sheeting used for the end plates 
and chassis plate should be heavy enough to provide 
sufficient rigidity. Most of the aluminum that I use 
for chassis and end plates is 3 mm (1/8 inch) thick, 
although I've also used material 1.5 mm (1/16 inch) 
thick with success. 

Aluminum sheeting is used because of its wide¬ 
spread availability and low cost. In the past, I have 
used some magnesium alloy sheet which provided 
excellent rigidity and light weight. The problem is, of 
course, that it is both expensive and difficult to 
come by. 

As mentioned earlier, cabinets made with the U- 
channel technique can be easily lengthened or short¬ 
ened. To shorten a cabinet, merely remove the 
standoffs from one end of each bracket, cut the 
brackets to the desired length, and remount the 
standoffs in the ends. 
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DRAKE UV-3 


DRAKE MN-4C 


What a Combination! 


DRAKE TR-7 


Whether you’re looking for a 
complete “TR-7 System,” a TVI 
Filter, an Antenna Tuner or the 
famous Drake C-Line — If 
Drake makes it — Clegg has it! 


Call us today for all of your Drake 
needs. CLEGG and DRAKE guar¬ 
antee you’ll be satisfied! 




Communications Corp. 
1911 Old Homestead Lane 
Lancaster, PA 17601 

(717) 299-7221 


The process of lengthening a cabinet is just a little 
more involved. If materials are available, just make 
longer brackets. However, if you don't have a piece 
of U-channel long enough to make four new brackets 
you can use four small pieces and add to the length 
of the existing bracket. This approach will require 
more work, but could be the most expedient and 
most economical under certain circumstances. 

First, cut and fashion four extension brackets for 
the desired added depth. Remove one of the end 



This photograph illustrates a false panel speaker grille using 
standoffs mounted on an end plate. 


plates. Insert adequate lengths of threaded screw 
stock (I favor 10-32 |M5|), into the ends of the brack¬ 
ets to be lengthened. Leave about 12.5 mm (1/2 
inch) protruding. Screw the extension brackets onto 
the exposed screw stock. Now comes the only tricky 
part: when the two brackets are snugged up tight 
against each other, they should be aligned. If they do 
not align, insert a piece of metal shim stock or a thin 
washer between the two pieces and try again until 
alignment is achieved. Mount the other end plate on 
the extended brackets. If desired, one end plate can 
be used as a subpanel for false front panels or 
speaker grilles. This is accomplished with metal 
standoffs. 

The only item which might prove difficult to pro¬ 
cure is the aluminum sheet used for the chassis and 
end plates. Sheet metal dealers will usually sell rem¬ 
nants at scrap value. Scrap metal dealers sometimes 
have acceptable pieces. Your best bet is to get out 
and browse around to see what is available. 

It's my hope that this article has provided you with 
a basic method (plus some variations) for relieving 
"cabinet frustration syndrome." 

ham radio 
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DIVISION OF BROWNIAN ELECTRONICS 
Prices and specifications subject to change without notice. 
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DIVISION OF BROWNIAN ELECTRONICS CORP. 

THE WORLD’S MOST COMPLETE LINE OF VHF-F.M KITS AND EQU1PMEN 1 

. 28-35 MM/ I M receiver with 2 DCrnVPDQ KXCI . accessory filter for above rei 

mile 10.7 MM/crystal filter S 64.95 KHvlIVURj kiit illt ailluvni 


’*>9 


K X 281 W/t 
K X50C Kit 

KXSOC W/1 
KX 1441 Kit 

K X 144C W/1 
K X 2 201 Kil 

KX220C W/T 
K X 4 3 21 Kit 

KX432C W/T 


I X50 Kit 
I X50 W/1 
I X 144B Kit 
IXI44H W/1 
LA2 20B Kit 


28-35 MM/ I M receiver with 2 
pole 10.7 MM/crystal filter 
same as above wired & tested. 
30-60 MH/ revr w/2 pole 10.7 
MM/ crystal filler 
same as above wired 4 tested 
140 I 70 MM/ revr w/2 pole 
10.7 MM/ crystal filter 
same as above wired 4 Idltd 
210 240 MM/ revr w/2 pole 

10.7 MM/ crystal filter. 

same as above wired 4 tested 
432 MM/ revr w/2 pole 10.7 
Mil/ crystal filler 
same as above wired 4 tested 


transmitter exciter. I watt. 6 mtr 44.95 
same as jbove wired 4 tested 71.95 

transmitter exciter I watt 2 mtrs 34.95 
same as above wired 4 tested. 65.95 

transmitter exciter Iwatt 22o 
MM/ 34.95 


TRANSMITTERS 


Kl 28 Kit. . . 
Kl 50 Kit. 

Kl |44l> Kit 
Kl 2201) Kit 


M 1071 Kit 


EM45S Kit. 
AS2 Kir 


TX220H W/T 
TX432B Kit 

TX432UW I 
T X I 50 Kit 
TXI SO W/T 


accessory filter for above receiver 
kits gives 70 dB adjacent 
channel rejection 

10 mtr Kl front end 10.7 MM/ out 
6 mtr Kl front end 10.7 MM/ out 
2 mtr Kl front end 10.7 MM/ out 
220 MM/ Kl front end 10.7 MM/ 
out 

432 MM/ RE front end 10.7 MM/ 
out. 

10.7 MM/ II module includes 2 
pole crystal filter 

45 5 KM/ IE stage plus EM detector 
audio and squelch board. 


same as above wired 4 tested 
transmitter exciter 432 MM/ 
same as above wired 4 tested 
300 milliwatt. 2 mtr transmitter 
same as above wired 4 tested 


POWER AMPLIFIERS 


PA2501H Kit 

PA40I0II Kit 
PASO/25 Kit 
PA 144/1 5 Kit 


PA 144/25 KM 
PA 2 20/1 5 Kit 
PA432/IO Kit 


2 mtr power amp kil Iw in 25w 
out with solid state switching, 
case, connectors 
2 mtr power amp lOw in 40w 
out relay switching 
6 mtr power amp. Iw in. 25w out. 
less case, connectors 4 switching 
2 mtr power amp Iw in I 5w 
out less case, connettors and 
switching 

same as PA 144/1 5 kil bui 2 5w 
similar to PA 144/1 5 for 2 20 Mil/ 
power amp similar to PA 144/1 5 
except lOw and 432 MM/ 


Blue Line . . 

R| power ami 

p. wired 4 tested, emission 


CAV EM SSB/> 

CM 





Power 

Power 


Model 

Band 

Input 

Output 


BLC 10/70 

144 MM/ 

loss 

70W 

149.95 

BLC 2/70 

144 MM/ 

2W 

70W 

174.95 

BLC 10/150 

144 MID 

tow 

I50W 

269.95 

BLC 30/150 

144 MM/ 

30W 

1 50W 

249.95 

BLI) 2/60 

220 MM/ 

2W 

60W 

164.95 

BLD 10/60 

220 MM/ 

I0W 

60W 

169.95 

BI.D 10/120 

2 20 MH/ 

tow 

1 20W 

269.95 

Bl E 10/40 

420 MH/ 

low 

4 OSS 

159.95 

BEE 2/40 

420 MID 

2W 

40W 

189.95 

BLE 10/80 

420 MM/ 

1 ow 

HOW 

289.95 


PSl 51 W/1 
PS25C Kil 


PS2SC W/1 
PS2 5M Kit 
I . - M W l 


I 5 amp I 2 volt regulated power sup 
ply w/case. w/fold hack current limit 
mg and overvoltage protection. - 99.95 

same as above wired 4 tested. . . 134.95 
25 amp I 2 volt regulated power 
supply w /case, w /fold hack current 
limiting and overvoltage protection 139.95 
same as above wired and tested 169.95 
same as PS251' with meters 159.95 

same as above wired and tested 189.95 


POWER SUPPLIES 


%*3k 


adds over voltage protection to your 
power vupplies. I 5 VDC max 14.95 

I 2 volt power supply regulator curd 
with fold hack current limiting I 1.95 

new commercial duiv in amp I 2 VI) 
regulated power supply w/eaxc. 
w/fold back current limiting and 
overvoltage protection 274.95 


KPI 50 Kit 
KP150 W/1 
KPI 144 Kit 


KPI 144 \S /I 
KPI220W/1 
KPI432 U I 


repeater ft meter (less crystals) 599.95 

repeat.*r ft meter, wired 4 tested 899.95 

repeater 2 mtr 15w complete 
(less crystals) 599.95 

repeater 22i» MM/ 15w complete 
(less crystals) 599.95 

repeater * 10 watt 432 MM/ 

(less crystals) 649.95 

repealer 15 watt 2 mtr 899.95 

repealer I 5 watt 220 MM/. 899.95 

repeuter lOwalt 432 Mil/ 949.95 


REPEATERS 


DPI 

A50 

ft mtr close spaced duplexer . 

680.00 

DPI 

SI 44 

2 mtr. 600 KM/ spaced dupleser. 
wired and tuned to frequency 

409.95 

DPI 

\220 

220 Mil/ duplexer. wired and 
tuned to freouency 

409.95 

DPI.A432 

rack mount duplexer 

379.95 

DSC 

11 . . 

double shielded duplexer cables 
with IT 259 connectors (nr ) 
sjrne as above with type N 

29.95 

DSC 

N 




connectors (pr.) 

34.95 


I K X 144 Kit 
TKX220 Kit 
I K X4 32 Kit 


SYN II Kit. . 


SYN II W/T . 
SYN 2 20 Kit 

SYN 220 W/1 


Complete ft mtr EM transceiver kit. 

20w out. 10 channel scan with case 
(less mike ami crystals) 259.95 

came as above, hut 2 mil 4 I 5w out 259.95 
same as above except for 220 MH/ 259.95 
same as above except 10 wa’t and 
432MM/ 284.95 

transceiver case only . . 34.95 

transceiver case and accessories 54.95 


2 mtr synthesizer, transmit offsets 
programmable from 100 KM/ I0MH/. 
(Marx offsets with optional 

adapters). 169.95 

same as above wired 4 tested 239.95 

same as SYN II Kit except 220- 

225 Mil/. 169.95 

same as above wired 4 tested 239.95 


TRANSCEIVERS 


SYNTHESIZERS 


OTHER PRODUCTS BY VHP ENGINEERING 

» I>I Kit 10 channel receive xlal deck 

w /diode switching. ... % 8.95 

1 1>2 Kit 10 channel xnut deck w/switch 

and trimmers 16.95 

l‘D3 Kit UllI version of t l)| deck, needed 

for 432 multi channel operation 14.95 

COK2 Kit . . . carrier operated relay 23.95 

SC’3 Kil . • 10 channel auto-sCan adapter 

for KX with priority 21.95 

t rystals we stock most amateur grade pairs 

from 146.0 147.0 (each) 5.00 

CAS ll> Kit I 59 hit. field programmable, code iden 

tifier with built in squelch tail and 
ID timers 42.95 

CASH) wired and tested, not programmed 59.95 

( \S ||) . wired and tested, programmed 64.95 

MIC I 2.000 ohm dynamo mike with 

P.1.1. and coll cord 13.95 

ISlSS/l lone squelch decoder 59.95 

tSI W/T installed in repealer, including 

interface accessories 94.95 

11)3 Kit 2 lone decoder 39.95 

11)3 W/T came as above wired 4 tested 64.95 

III 144 W/J 4 pole helical resonator, wired 4 tested. 

swept tuned to |44 Mil/ bail 34.95 

Ml 220 W/'l same as above tuned to 220 MM/ban 34.95 

IIL432 W/1 same as above tuned to432 MM/ ban 34.95 
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NEW - IMPROVED' 


Imovrol Synth* si tar - FIMar 
With TONf-TAG 


Model 1500 - Binaural 5ynth«tir«r>f ilter w*tf* Tone-fog 
LHei 8 “D" Cllli - let* Bat»*rie» S86.00 ppd, U.S. 

Model 1501 - Require) your 1? to 15 roll DC input, 100 mo. 
nom. (intemol regulation) 589,00 ppd, U.S. 

Wall Transformer H5V AC supply rated at 1? volts, 150 mo. 
lor use with Model 1501 or . . . 54.95 


yk 

”A nev* balanced bipolar Tone- Ta^ modulator system replace! diode modulator! of Modeli 1100 and 700 

GET BETTER THAN 100 HZ EFFECTIVE SELECTIVITY ON CW, A SELECTABLE NOISE BANDWIDTH OF LESS THAN 150 HZ 
PLUS PERIPHERAL HEARING IN BINAURAL SOUND . . ALL WITHOUT LISTENING THROUGH THE TINKLING ROAR 
OF NARROW-BAND FILTER OR FUSSING WITH SELECTIVE SQUELCH SYSTEMS. . . EXPERIENCE THE BINAURAL 
FUNCTION ON SIDE BAND VOICE . . . Just connect to yout receiver'! heodphone or ipeo><er jock ond plug in two 8 Ohm 
ipeohcr! orronged stereo fmhion . . additional jack provided at lower power to protect your ttereo heodset. 

See MR mogarine article! on Nov.'75 and Nov.'76 . . . Ask for our note on listening with binaural and Tone-Tog system! 

HILDRETH ENGINEERING BOX 60003 SUNNYVALE CA94088 


box 1010, i.s.u station, ames, iowa 50010^/ 


Govt. SURPLUS 

ELECTRONIC 

EQUIPMENT 

CATALOG 


FAIR RADIO SALES 

1016 E. EUREKA • Boi 1105 • LIMA, OHIO - 45802 


New ITEMS . . . New BARGAINS! 


FREE UPON REQUEST! 

Send today lor FREE copy ot 
NEW CATALOG WS79 Address Dept HR 


our little boxes 
replace a lot of cable ! 


• select any of five antennas at the 
turn of a knob, with |usl one 
feedline and a control cable to 
the remote switching unit • 

• saves coax, simplifies station layout 

w • handles 4 kw pep* 

• other models to nine positions* 

• full one year warranty* 

model sw 5 heavy duty — _ 

REMOTE CONTROLLED ANTENNA SWITCH - S135?? plus $ 3 shipping “ 

• order direct or write for brochure • 


ANTENNA MART 


515 292 7114 


* 6044; Keyer-On-A-Chip* {Repu»st043). S14.95 

Apt 75 HR. Feb 76 OST Radio Hdbk 75 Apt Hdbt 77 75 


* 8044 3; 1C.PCB,Socket,Manual.24.95 

* 8044 4; Semi-Kit.54.95 

* 8045; Morse Keyboard-On-A-Chip 1C ... 59.95 

* 8045-1; 1C.PCB.FIFO.Sockets.Manual.. 89.95 

* 8045 2; Semi Kit.159.95 

* 8046; Instructokeyer On-A-Chip 1C 49.95 

* 8046 1; Semi-Kit.79.95 

* 8047;.Message Memory On A-Chip 1C.. 39.95 

* 8047-1; 1C.PC8.RAM,Sockets,Manual.. 69.95 

{add SI 75 Id above lot pottage and baodbngi 

EK-430; CMOSKeyer* iFeb 75 0 STt.124.95 

IK-440A; Instructokeyer* <Ma> 76 0ST)- 224.95 

•now with dish memory ** sunOirt) 


System 4000 Ham Computer nee jm 7s osti (write) 


•F*r dlpolos, yogi*, Invortod 
vool, doublets 4 quod* 

•For foil legal power 4 moro 
•Puts power In untonnu 
•Broudbonded 3-40Mhi. 

* Small, light, woathor-proof 
•111 Imptduns* rotlo 
■aplncat confer Insulator 
Holp* oliminofo TVI 


'Follp Gnrontood ^995 

Van PPD 

Gorden uiA 
Engineering 

■ OX 21305, S. EUCLID, OHIO 44121 


CURTIS LSI’s 
help you 


speak 

MORSE 


Curtis Electro Devices. Inc. 

Depl H (415)964 3136 

Boi 4090 Mount** View. CA 94040 


ERICKSON’S 

MOVED! 


Come in and see our new, 
bigger, and better store. 

Just a few blocks south of 
our old location. 

YOU’LL FIND the best from 

• AEA • Ameco • ASP • Atlas 

• Belden • Bencher • Bird 

• CDE • CIR • CES • Cushcraft 

• DenTron • Drake • Hy-Gain 

• Icom • KLM • Kenwood 

• Larsen • MFJ • Midland 

• Mosley • NPC • Newtronics 

• Nye • Palomar • Regency 

• Shure • Swan • Standard 

• Tempo • Ten-Tec • Tonna 

• Transcom • Wilson • Yaesu 

NEAR CHICAGO? 

COME IN AND SEE US! 


ERICKSON ^ \ 
M56 N MILWAUKEE' 


CALL TOLL FREE 

for the Erickson price! 

Illinois outside 31 2 (800)972 5841 
Outside Illinois (800) 621 5802 

'T/vT ! Hours: 

la^— I 9 30-5 30 Mon . lues Wbd i Ft). 
[ 0 ^^ 9:30-9 00 Thursday 
U. J - v J 9:00-3 00Saturday 


ERICKSON 

COMMUNICATIONS. INC 

5456 N MILWAUKEE AVE 
CHICAGO IL 60630 1312)631-5181 


Hl-Q BALUN 











MICROWAVE MODULES LTD. 


432 MHZ Linear Transverter 


UP YOUR FREQUENCY! 



Put your 28Mhz 
Transceiver to work 
at 432MHZ.!! 


• EXTRA RANGE (434-436 Mhz) for Satellite operation. 

• 10 Watts RMS output power. 

• Simple Frequency Range Selection Using Toggle Switches. 

• Highly Stable Regulator Controlled Crystal Oscillator Stages. 

• 30 dB Receive Gain. 

• Better than 3.0dB Noise Figure. 

• Antenna Changeover Achieved by Low Loss Pin Diode Switch. 

• 50 Mhz and 144 Mhz IF's Available. 


MMT432/28-S -PRICE: $329.95 


INCLUDING 

SHIPPING 


144 MHZ Linear Transverter 

Join the Fun on 2 Meter Sideband 
— using your 28MHZ Transceiver. 

• 10 WATTS RMS OUTPUT POWER 

• 30dB RECEIVER GAIN 

• BETTER THAN 2.5dB NOISE FIGURE 

• 50 Mhz IF's AVAILABLE 



MMT144/28 - Price 259.95 


INCLUDING 

SHIPPING 


432 MHz LINEAR AMPLIFIER 
all 100 WATTS OUTPUT 

MODE 

RF VOX 

10dB Minimum Gain 

• 100% Duty Cycle Rated 


• FULLY PROTECTED VSWR 

OVERHEATING, REVERSE POLARITY 


MML 432/100 - PRICE 


AAQ QC including 

SHAPING 


GUARANTEE 

ALL MICROWAVE MODULES PRODUCTS 
ARE GUARANTEED FOR 1 YEAR. IN 
ADDITION, THEY MAY BE RETURNED 
WITHIN 10 DAYS FOR A FULL REFUND 
IF YOU ARE NOT SATISFIED FOR ANY 
REASON. 


432-436 Dual Range 
Receiving Converter 


MMC 432/28S 
Price 95.95 

INCLUDING SHIPPING 


• OSCAR, MODE J 
RECEPTION 

• 30<IB GAIN 

• BETTER THAN 3.0HB 
NOISE FIGURE 

• IF's AVAILABLE 

28 30Mhz, 144 146Mhz 


TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER 
OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY 
A COASTTOCOAST DEALER NETWORK. WRITE OR 
PHONE FOR DETAILS OF THESE PRODUCTS AND THE 
OTHER VHF AND UHFMICROWAVE MODULES PRODUCTS 
WHICH WE STOCK. 


TEXAS RF DISTRIBUTORS, INC. 


CARL W5UPR 


)OE - WA5 HNK 


Exclusive U.S.A Distributors 
of Microwave Modules Products 

4800 WEST 34TH STREET • SUITE D12A 
HOUSTON. TEXAS 77092 
PHONE 71 3/680-9797 • TELEX 791 322 


More Details? CHECK-OFF Page 118 
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digital circuits — propagation delay and flip-flops 


So far, the basic gate has been examined under dc 
or static conditions. This part will discuss dynamic 
conditions of switching, propagation delay, and the 
most simple flip-flop, the latch. 

All digital devices have delay from internal charge 
storage. Input and output may switch rapidly, but 
the delay between input transition and output transi¬ 
tion is usually longer than the transition itself. Fig. 1 
is an example of dynamic conditions in a simple 
inverter. 

The term t p or is associated with propagation 
delay and will have a number of different subscript 
letters to distinguish different types of delay. A table 
in the front of the Texas Instruments TTL Data Book 
lists most of them. The term propagation is used, 
since the input-to-output path within a device may 
go through several stages. 

The inverter shows only two delays. t pw is the in¬ 
put transition-to-low delay to output transition-to- 
high state; tpHL is the opposite. They may occur at 
different times. Measurement is made at half ampli¬ 
tude between maximum low-level voltage and mini¬ 
mum high-level voltage. 

Output-state transition time is also listed, almost 
always at a specified load of maximum capacity. 
Load capacity affects output transition delay strongly 
but has only a slight effect on propagation delay. 

Multi-function devices have a number of different 
delays. Data sheets must be carefully studied to 
understand the effect of delays on the overall circuit. 
Lack of understanding of delays can waste a lot of 
debugging time (most times are too short to measure 
on inexpensive scopes) and also can cause a circuit 
to fail entirely. Delay time can't be underestimated! 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 


the RS latch flip-flop 

Fig. 2 shows the block symbol, waveforms, and an 
equivalent circuit constructed of NAND gates. The 
RS term comes from reset/set. A flip-flop is a bi¬ 
stable circuit (stable in two conditions) and is either 
set or reset by an external input. Because it's bi¬ 
stable, it's said to be latched in one state or the 
other. 

The circuit of fig. 2 has active low set and reset in¬ 
puts, indicated by inversion bubbles on the symbols. 
Outputs are not shown with bubbles, since the flip- 
flop is a bistable device. 

Flip-flop terminology sometimes refers to the Q 
output as true, Q as false, or NOT. Output-to-input 
cross-connection would appear to create an oscilla¬ 
tor. This would be true with linear devices, but it's 
the key to holding a bistable condition with digital 
devices. 

Assume initial conditions of both inputs and Q 
high, Q low. NAND gate G1 is held high by the low 
from G2. G2 is held low since both inputs are high 
(the NAND RULE). The initial state is stable. Either 
output could have been high at power turn-on, de¬ 
pending on which gate was the fastest. 

The first S low input does nothing; G1 is already 
held high. The first R low will force G2 high. G1 then 
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fig. 1. Propagation delay of an inverter. 


82 03 march 1979 





goes low, since all inputs are high and the latch has 
flipped to a reset condition (Q low). This is the other 
stable condition. 

Note the exaggerated time delays and sequence of 
changes. Each input must hold at a low state long 
enough for both gates to change state. Flip-flop spec 
sheets will give this parameter of time as thoid- 

A following R low will do nothing: the latch is 
already reset. A second S low will force G1 high. G2 
will go low since all inputs are high; the latch has 
flopped into a set condition. 

What happens if both inputs are low? Both out¬ 
puts will be forced high as long as that condition per¬ 
sists. The unknown condition occurs when both in¬ 
puts return high. Either stable condition could occur 
and, as in power-on, it depends on which gate is the 
fastest. This is the indeterminate state and should be 
avoided. 

a switch debouncer 

All switches and relays, except for mercury wetted 
types, have contact bounce. Contact bounce is the 
opening and closing of contacts because of mechani¬ 
cal vibration. It lasts between 0.2 and 50 milli¬ 
seconds, depending on construction, and can raise 
havoc with certain digital circuit inputs; a cure is 
found in fig. 3. 



5 o 


1 



ft Q 

—— 



fig. 2. Simple RS flip-flop latch symbol, circuit, and 
waveform. 

The RS latch is an interface between the switch 
and controlled circuit. The grounded switch arm pro¬ 
vides the active low latch input signal. Pull-up 
resistors provide a high state for open contacts. The 
4.7k pull-up is for TTL; CMOS values can range from 
m to 270k. 


Contact bounce still exists, but the controlled cir¬ 
cuit does not see it. The first contact closure will flip 
the latch. Subsequent bounce will not affect the 
latch as long as the switch is break-before-make. 
Compare this circuit with that of fig. 2 for full 
understanding. 



NORMALLY- OPEN CONTACT 

fig. 3. Switch ddbouncer. 

Fig. 3 could be made with CMOS NORgates, 
switch arm to V cc and pull-down resistors. Try this 
on scratch paper. A hint: Use the gate truth tables in 
Part 1.1 The same thing won't work well with 
TTL. Why? 

The difference lies in the high-TTL logic-0 current. 
Pull-down resistors would have to be 180 ohms or 
less for 0.4 volt maximum at 1.6 mA. It's fine if you 
can afford to waste 28 mA when the pull-down is 
connected to V cc . A 4.7k pull-up resistor wastes 
only 1.1 mA. 

Can a single-throw switch be substituted? The 
thought comes to mind that an inverter could be 
used for the other latch input. Sorry, this won't 
work; the same bounce is repeated in the latch. A 
single-throw switch can be applied only to static 
switching inputs or those unaffected by bounce. 

clocked flip-flops 

The term dock refers to a timing signal and came 
from early computer work, when the clock synchro¬ 
nized all functions. Applied to flip-flops, the clock in¬ 
put is really a trigger to initiate a change of state. 

Fig. 4 shows the most common clocked flip-flops, 
the JK and D, in symbolic form with truth tables. 
Two things should be noted here: These truth tables 
are time-dependent, and the clock input may or may 
not have an inversion bubble. The clock edge is the 
trigger. A positive-going (low-to-high) edge is shown 
direct as in the D flip-flop. A negative-going (high-to- 
low) edge is shown with the bubble. 

J, K, or D inputs are control or data inputs. Each 
truth table shows the effect of these inputs on the Q 
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your 

WISH IS OUR 
COMMAND! 

Jr JUST TELL US WHAT YOU 
NEED - WE SUPPLY ALL THE 
MATERIALS, AND YOU HAVE ALL 
THE FUN! ASK ABOUT OUR CUSTOM 
ANTENNA PACKAGES. 

• 6061-T6 DRAWN ALUMINUM TUBING 

• AIRCRAFT-GRADE PLATED HARDWARE 

• HIGH-STRENGTH FIBERGLASS SPREADERS 

• STAINLESS-STEEL ELEMENT CLAMPS 

Call or write for FREE information 

(414) 583-4001 

ROUTE 1, BOX IOC 
BROWNSVILLE, Wl 
___ 53006 


ENTERPRISES 


LJI'IJTJI'IE 





CC-24 Digital Alarm Clock 

U.L. APPROVED 

24 hour numerals and 24 hour alarm. The 
illuminated orange bar numerals are 1-5/8" 
high. Also featured are new slim line styling, 
catnap control and an illuminated constantly 
changing kaleidoscopic pattern to indicate 
continuous operation. Available in Beige or 
Charcoal-Brown case colors. $OT qc 
Size: 2-1/4" x 4-1/8" x 8-3/4" ^ f -<*0 

Si MADISON HI 

ELECTRONICS SUPPLY, INC. 

1508-D mckinney • Houston, texas 77002 
713/658-0268 
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output after receipt of a clock edge. If both J and K 
are held low, Q of the JK does not change. This is in¬ 
dicated by Q n . Holding one low and one high will 
force the 0 and 1 condition. With both high, Q will 
flip to the state opposite what it was before the clock 
edge arrived. This is what Q n means. 

The D flip-flop is easier to understand. Its Q state 
takes the D input state after receiving a clock edge. 




fig. 4. Symbols and truth tables for the 
basic clocked flip-flops. 


Both flip-flops will change Q based on the control in¬ 
put state before a clock edge occurs. Control inputs 
do not directly affect output. * 

Clocked flip-flops require an additional time 
parameter: setup. J, K, and D states must exist a 
specific minimum number of nanoseconds before a 
desired clock edge occurs. Too short a setup time 
will result in skipping a clock period for a Q state 
change. 

An output state change is sometimes called tog¬ 
gling. A JK with both inputs high will toggle on each 
clock. Output period will be twice clock period, and 
the flip-flop becomes a divide-by-two device. Con¬ 
necting Q to D in a D flip-flop will accomplish the 
same function. 

Both flip-flops may have direct set and reset in¬ 
puts. These override any clock input and may occur 
at any time. As such they're sometimes called asyn¬ 
chronous. Terms vary and set is sometimes preset, 
reset is sometimes called dear. 

The next part of this series will look inside clocked 
flip-flops, present NAND gate circuits, and discuss 
timing. 


"Some old JK types did flip when both J and K changed together with the 
same state. 


reference 

1. Leonard H. Anderson, “Digital Techniques, Basic Rules and Gates," 
ham radio, January, 1979, page 76. 
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mi • Retail Price Catalog • Monthly 
Computerized Used Equipment List 
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OVER 50 BRANDS IN STOCK 

• KENWOOD • SWAN • KDK • DENTRON 

• MOSLEY • WILSON • YAESU • DRAKE 

• LARSEN • BENCHER • PIPO • BEARCAT 

• B & W • DATONG • ICOM • PANASONIC 

• ARRL PUBLICATIONS* ALLIANCE*MFJ 

• CUSHCRAFT* TRAC* MICROLOG *CDE 

• FINCO • DSI • DAYBURN INSULATORS 

• BIRD • ASTATIC • HAM KEY • REGENCY 

• HUSTLER • SAXTON *TEN TEC *AMECO 

• AMCOMM • CALL BOOK • KLM • TEMPO 

• ROHN • BUTTERNUT • Plus Many More! 


★ NEW AND USED EQUIPMENT 

“Get on our used equipment mailing list" 

★ TRADES WELCOME 

"The best allowances anywhere" 

"VJe buy good used SSB gear" 

★ FREE CATALOG 

"Prices of all major manufacturers" 

★ SAME DAY U P S. SHIPPING 

"Just a phone call away " 

★ COMPLETE RADIO SERVICE SHOP 

"Mail Order Repair Service” 

• Fast Efficient Service • We Repair All Brands 

• All Work Guaranteed • Amateur Extra/First Class 
Licenses • Send Us Your Defective Equipment U P S. 
Collect • Free Shipping Both Ways If Work Is Done 

• Most Repairs Done and Shipped Within 7 Days 


OUR FINE REPUTATION SPEAKS FOR ITSELF 

"YOU SHIP IT 

'i'''*''. n't FIX IT" 




COMMUNICATIONS 


fl 

95 Kitts Lane, Newington, Conn. 06111 

“Near ARRL Headquarters" 


CaU 

or Write 

for your 
super quote 
today! 


Connecticut Residents Call: 

(203) 667-0811 


■■■■■■■■■ 




■mie 



OPEN MON.-FRI. 10-6 • THURS. 10-8 P.M. • SAT. 10-4 

EASY DIRECTIONS: Rt. 15 South - 2 blocks past McDonald's 
(Berlin Turnpike) 


More Details? CHECK-OFF Page 118 
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multi-filter 

ALL MODE ACTIVE FILTER AND SIGNAL PROCESSOR 

OPTIMUM 2100Hz BANDWIDTH • ALL FEATURES NEEDED FOR THE MOST 
NEW STANDARD FOR SSB DISCRIMINATING CW OPERATOR 


INTELLIGIBILITY • slim package. 7" * 7" * tils under, on lopol or along side 

> Contesl proven reliability. of any rig 

features and ease ol use • Logic output (CMOS) ot processed CW drives digital Morse 
1 Heavy, anodized aluminum Code reader or microprocessor 
case is RF tight . 3 filter MODES—Up to 12 polos ot active tillering 

■ Professional quality design. ATTENUATION 45 dB m 2400Hz-70 dB it 3600Hz 
components and construction 1 — SSB MODE) 2100Hz cut otf tor optimum intelligibility 

2—VARIABLE MODEl Proprietary circuit adds independently 
adiustable tiller (or bandpass or notch 

-within the selected passband. 

Frequency adiustable 300—1800Hz 
Bandwidth adiustable 25— 450Hz 
3—CW MODE) Allows super CW reception 
Peak or null with as low as 25Hz bandwidth 
CW processing and regeneration with tone 
and volume controls gives perfect copy 
conditions 

• Unique stereo function produces the 
regenerated CW in one channel and the 
tillered audio in the other channel yielding 
a dynamic spectrum ot signal perception 


COMMUNICATION -$149.95 including power supply, cable and shipping 
RESEARCH conn residents add 7 % sales tax 

INC 90 DAY warranty 

* External power supply included 

3 internal 9V battery optional 

W. REDOING. CT 06896 V 7 S 4 

1203) 930-8873 I^PMC 
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BRINGS 
YOU THE 
NEWS 
WHILE ITS 
HAPPENING 



^ 1,000's OF CRYSTALS 

\ «H25C Case Scanner Monitor 
]■ *10.7 Amateur Ham 
r »2 Meter, CB, Standard 

1 10 9 10 10 49 50 and UP 

*3.70 ‘3.00 *2.50 


CRYSTAL BANKING SERVICE 
P.0. BOX 683 

LYNNFIELD, MASS. 01940 
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FULL POWER.QUALITY 
^ HOM ANTENNA PARTS 

AT YOUR DEALER 

• BAIUNS TRAPS INSUIAIORS 

• QUAD PARTS ANIINNA KITS 

• BOOM MAST MOUNTS WIRE 

• CABLE CONNECTORS 

WRITE FOR FULL CATALOC 
| inclose i0( Slanpi J 

UNAOIILA/RETCO DIVISION |0*pt HR 

j | C • r. 

■ •<•■••• Mail* • star «• 


DEALERS WANTED-OVER 300 WORLD WIDE 


TEST EQUIPMENT 

All equipment Itsfnl is operational and 
unconditionally guaran teed Money back tl not 
satisfied Prices listed are FOB Monroe* 

Boonton 190A Q mtr 20 260MHz 
Q 5 I ?00 395 

GR 1001A Stand s«g gen 5kHz 

somhz calib affn 755 

HP 170A (USMI40) 30mHz scope with 
reg horiz. dual trace vert plugs 4/5 

Tek5A5 Dual beam lOmHz scope 
less plug ms (3 series) 675 

URM75 Stand Sig Gen 10kHz 50MHz 
calib attn .725 

Weinschcl 70 Prec RF attn DC 
lgHz 0 60db, Idb steps 4w 395 

Lists Outdated Write spec «»y<nq test 
equipment needs Quick response assured 

GRAY Electronics 

P.O.Box941, Monroe. Mich. 48161 

Speciali/ino m used test equipment 


Barry Electronics... 


Your One Source 

for Amateur Radio Gear 


Yes — In 
Stock! 


IVe also have 

• ANTENNAS FOR HF & UHF 

• ROTORS 

• TOWERS 

• REPEATERS 

• MICROPHONES 

• KEYS & KEYERS 

• TUBES and much, much more 


ATLAS 21 OX / 215X & 350XL — SSB/CW transceivers for hf bands mobile or fixed 
TEMPO S-l SYNCOM — synthesized 2-m FM hand held 


WE STOCK THESE FAMOUS NAME BRANDS 

, ur . „ , „ Ir - Yes. we have AEA DRAKE ROBOT 

t HF & UHF E | MAC Tubes ALDA El MAC ROHN 

& Chimnevs ANTENNA E-Z WAY STANDARD 

SPECIALISTS HY-GAIN SWAN 

JUST CALL OR and YAfcSU ATLAS ICOM TEMPO 

WRITE FOR THE Replacement b&W KDK TF.NTEC 

BARRY PRICE: Tubes in slock.' BIRD KLM TRIEX 

BETTER STILL Repair lab COLLINS MFJ VHF 

s STOP m onpremises CUSHCRAFT MIRAGE ENGINEERING 

- much more STOP INI! onpremises. Ds| MOSLEY WILSON 

x, muen more DENTRON NEWTRONICS YAESU 


BARRY ELECTRONICS SewyorSI' n*y. 10012 (212)925-7000 


Yes. we have 
EIMAC Tubes 
& Chimneys, 
and YAESU 
Replacement 
Tubes in stock 1 
Repair lab 
on premises. 


DRAKE 

EIMAC 

EZ WAY 

HY-GAIN 

ICOM 

KDK 

KLM 

MFJ 

MIRAGE 

MOSLEY 

NEWTRONICS 


SWAN 
TEMPO 
TEN-TEC 
TRIEX 
VII) 

ENGINEERING 
WILSON 
. YAESU 


(212)925-7000 




















7400 TTL 




SN740ON .16 
SN740JN 16 
SN74Q2N IS 
SN74Q3N .16 
SN7404N .18 
SN74Q5N .20 
SN74D6N .29 
SN7407N .29 
SN7408N .20 
SN7409N 20 
SN7410N .18 
SN7411N .25 
SN7412N 25 
SN7413N 40 
SN7414N .70 
SN7416N .25 
SN7417N ?S 
SN7420N 20 
SN7421N .29 
SN7422N 39 
SN7423N .25 
SN742SN .29 
SN7426N 29 
SN7427N 25 
Sf*7429N .39 
SN7430N 20 
SN7432N .25 
SN7437N 25 
SN743SN 25 
SN7439N .25 
SN7440N .20 
SN7441N 89 
SN7442N 49 
&H7U3N . 75 
SN7444N .75 
SN7445N .75 
SN7446N .69 
SN7447N 59 
SN 74461* 79 
SN7450N 20 
SN74S1N .20 
SN7453N 20 
SN7454N 20 
SN7459A .25 
SN7460N 20 

20% Discount 100 ( 


SN7470N 29 I//)?#/ 

SN7472N .29 J 

SN7473N 35 SN74160.N 89 

SN7474N .35 SN74161N 89 

SK7475N 49 SN74162N 1 95 

SN7476N 35 SN74163N 89 

SN7479N 5.00 SN74164N 89 

SN7480N .50 SN7416SN 89 

SN7482N 99 SN74166N 1 25 

SN7483N 59 SN74167N 1 95 

SN7485N .79 SN74170N 1 59 

SN7466N .35 SN74172N 6 00 

SN7489N 1.75 SN74173N 125 

SN749QN 45 SN74174N 89 

SN7491N 59 SN74175N 79 

SN7492N 43 SN74176N 79 

SN7493N .43 SN74177N .79 

SN7494N 65 SN74179N 1.95 

SN7495N 55 SN74180N 79 

SN7496N .65 SN741S1N 1 95 

SN7497N 3.00 SN74182N 79 

St»?4IOON 89 SN74184N i 95 

SN74107N .35 SN74185N 195 

SN74109N 59 SN74186N 9.95 

SN74116N 1.95 SN74188N 3 95 

SN74121N 35 SN74190N 1.25 

SN74122N 39 SN74191N 1.25 

SN74123N .49 SN74192N .79 

SN74125N 49 SN74193N 79 

SN74I26N 49 SN74194N 89 

SN74132N 75 SN74195N 69 

SN74136N 75 SN74196N 89 

SN74141N .79 SN74197N 89 

SN74142N 2.95 SN74198N 1 49 

SN74143N 2 95 SN74199N 1 49 

SN74144N 2 96 SN74S200 4 95 

SN74I4SN 79 SN7425IN I 79 

SN74M7N 1.95 SN74279N 79 

SN74148N 129 SN74283N 2 25 

SN74150N 89 SN74284N 3 95 

SN74151N 59 SN74285N 3 95 

SN74I52N 59 SN74365N 69 

SN74153N .59 SN74366N 69 

SN74154N 99 SN74367N 69 

SN74155N .79 SN74368N 69 

SN74156N .79 SN74390N 1 95 

SN74157N 65 SN74393N I 95 

t combined order 25% -1000 pcs combined order 


Kits 


Digital Stopwatch Kit 


6-Digit 

Clock 

Kit 



* * _ Board Ml 

• Times lo 59 min 59 59 sec with • B r ' 0 nt .300 hi. common cathode display 
auto reset * Uses MM5314 clock chip 

. . . Quart! crystal cotrlrollca ' Switches lor hours, minutes ana hold functions 

;; - t t j^egg stopwatches in one * Hours eas,| Y viewable lo 20 feet 

* * single event, split (cummulative) * Simulated walnut case 

r- 1 .?' . and taylor (sequential timing) . 115 VAC operation 

MiiJ’i'h-H » Uses 3 penlile batteries * 12 or 24 hour operation 

gj 2e 4 5 -„ 2 15 " x 90" ♦ Includes all components, case and wall transformer 

L*®J. JE900 $39.95 "’-’'.'ifo S19 9 « 

ALSO AVAILABLE: Jt701 

JE200 5v lamp power supply$14.95 JE2206B Function Generator $19.95 
JE730 4-digit clock kit 14.95 JE747 Jumbo 6-digit clock kit 29.95 


Bright .300 ht. common cathode display 

Uses MM5314 clock chip 

Switches (or hours, minutes and hold functions 

Hours easily viewable lo 20 feet 

Simulated walnut case 

115 VAC operation 

12 or 24 houi operation 

Includes all components, case and wall transformei 
5're 6-3/4'' * 3-1/6" * I -3 4" 

JE701 $19.95 


DISCRETE LEDS 


.200' dla. 

XC556R red 5 

XC556G green 4 

XC55GY yellow 4 

XC556C clear 4 

.200' die. 

XC 22 R red £ 

XC22G green 4 

XC22Y yellow 4 

.170" dla. 

MV10B red 4 

.006" dla. 

MV50 red 6 

INFRA-RED LED 


.126" dla. 
XC209R red 
XC209G green 
XC209Y yellow 
.116" dla. 
XC526R red 
XC526G green 
XC526Y yellow 
XC526C clear 
. 1 M' dla. 
XC111R red 
XC111G green 
XC111Y yellow 


TIMEX T1001 

LIQUID CRYSTAL DISPLAY 

FIELD EFFECT 


rw f Mil ' 

8MB. 


4 DIGIT 5" CHARACTERS 
THREE ENUNCIATQRS 
2 00" X 1 20" PACKAGE 
INCLUDES CONNECTOR 

T1001 -Transmissive $7.95 

T1001A Reflective 8.25 


ICM CHIPS 

ICM7045 CMOS Precision Timer 24.95 

ICM7205 CMOS LED Stopwatch/Timer 19.95 

ICM7207 Dsd lator Controller 7.50 

ICM7208 Seven Decade Counter 19.95 

ICM7209 Clock Generator 6 95 


NMOS READ ONLY MEMORIES 

MCM6571 128 X 9 X 7 ASCII Shifted with Greek 13.50 

MCM6574 126 X 9 X 7 Math Symbol 6 Prefixes 13.50 

MCM6575 128 X 9 X 7 Alphanumeric Control 13.50 

Chaiacter Generator 


MISCELLANEOUS 

TL074CN Quad Low Noise bi-fot Op Amp 2.49 

TL494CN Switching Regulator 4 49 

TL496CP Single Switching Regulator 1.75 

11C90 Divide 10/11 Prescaler 19.95 

95H90 Hi-S-peed Divide 10/11 Prescaler 11.95 

4N33 Photo-Darlington Opto-lsolator 3.95 

MK50240 Top Octave Freq Generator 17.50 

DS0026CH 5Mh 7 2-phase MOS clock driver 3.75 

TIL306 .27' red num. display w/integ. logtc chip 10 50 

MM5320 TV Camera Sync Generator 14.95 

MM5330 4Vi Digit DPM Logic Block 5.95 

LD110/111 _ 3ft Digit A/Q Co n verter Set 25.00/set 

LITRONIX ISO-LIT 1 SN 78477 

Photo Transistor Opto-lsolator SOUND GENERATOR 

[Same as MCT 2 or 4N25) Generates Complex Sounds 

. * , Low Power - Programmable 

2/99d 3.95 each 


LITRONIX ISO-LIT 1 

I Photo Transistor Opto-lsolator 
I (Same as MCT 2 or 4N25) 


TV GAME CHIP AND CRYSTAL 

AY-3-8500-1 and 2 01 MHZ Crystal (Chip & Crystal , 
includes score display 6 games and select angles, etc.. 


C/MOS £R S 

00*028 89 CD4072 49 

C04029 I 19 CC4076 t 39 

C04030 49 C04081 23 

C04035 99 C04082 23 

CD4040 1 19 CD4093 99 

CD4041 1 25 CD4098 2 49 

CO4042 99 MCI 4409 14 95 

C04043 89 MCI4410 14 95 

CD4D44 89 MC14411 14 95 

CD4046 f 79 MC14419 4 95 

CD404 7 2 50 MC14433 19 95 

C04048 1 35 MCI 4506 75 

C04049 49 MCI 4507 99 

CD4050 49 MCI 4562 14.50 

CD4Q51 1.19 MCI 4583 3 50 



LINEAR 

LM340K-18 1 35 

LM340K-24 1 35 

LM340T-5 1 25 

LM340T-6 1 25 

LM340T-8 125 

LM340r-f2 I 25 
LM340T-15 1 25 

LM340T-18 1 25 

LM340T-24 1 25 

LM358N 1 00 
LM370N 1 95 
LM373N 3 25 
LM377N 4 00 
LM380N 1 25 
LM380CN 99 
LM381N 1 79 
LM382N 1 79 
NE501N BOO 
NE510A 6 00 
NE529A 4 95 
NE531H/V 3 95 
NE536T 6 00 


NE565N/H 1 25 
NE566CN 175 
NE567V/H 99 
NE570^ 4 95 
LM703CN/H 69 
LM709N/H 29 



LM710N 79 

LM711N 39 

LM723N/H 55 

LM733N 1 00 

LM739N 1 19 

LM741CN/H 35 

LM741-14N 39 

LM747N/H 79 

LM748N/H 39 

LM1310N 295 

LM1458CN/H 59 

MC1488N 1 95 

MC1409N 1 95 

LM1496N 95 

LM1556V 1 75 

MC1741SCP 3 00 

LM2111N 195 

LM2901N 2 95 

LM3053N i 50 

LM3065N 1 49 

LM3900N(3401) 49 
LM3905N 89 

IM3909N 1 25 

MC5558V 59 

0O38B 4 95 

LM754 50 N 49 

75451CN 39 


RCA LINEAR 

CA3013T 2.15 CA3082N 2 00 

CA2023T 2 56 CA3083N 1.60 

CA3035T 2.48 CA3086N 85 

CA3039T 1 35 CA3089N 3 75 

CA3046N 1 30 CA3130T 1 39 

CA3059N 3 25 CA3140T 125 

CA3060N 3 25 CA3160T 125 

CA3080T 85 CA3401N 49 

C A308IN 2 00 CA3600N 3 50 




SCR AND FW BRIDGE RECTIFIERS 


C36D 

154 fq 400V 

SCR(2N1649) 

$1.95 

C38M 

35A w 600V 

SCR 

1 95 

2N2328 

1 KA <q 300V 

sen 

.50 

MOA 980 

1 12A ia 50V 

FW BRIDGE REC 

1 95 

I MOA 980-3 12* Co. 20017 

FW BRIDGE REC 

195 




1/4 WATT RESISTOR ASSORTMENTS -5%P' APAC, I°J1 


ASST. 1 5 ea 7! CUM 33 OHM '!9 OHM .17 OHM V, :imM 50 pcs $1.75 

hfiOHM 82 OHM 111') OHM 1?0 OHM IMIOHM . 

ASST. 2 5 ea 180 OHM .VO OHM .'70 OHM 310 OHM iuiuimM W PCS 1.75 

-t.'O UHM 560 OHM >]flO (JHM M2Q OHM 

ASST. 3 5 ea *.» 1,5 k i.hk 2.2K .'..X 60 PCS 1.75 

3.3k :}.9K 4.7K 6.6 k b.Bx 

ASST. 4 5 ea B.?R iok i?k i5k ihk 50 PCS 1.75 

:-:’k 27k 43k m i-> 

ASST. 5 5 ea 56 k 68k 82 k inon 170k 80 PCS 1. #0 

150K 180K 220k 270K 3'10k 

ASST. 6 5 ea. 390 k 470K 5H0k 680K n?rjK 50 PCS 1.75 

IM t,7U i.5M i.BM <'.?M . __ 

ASST. 7 Sea. 2./M 3.3M 3.9M 4.7M 6.6M 60 PCS 1.75 

ASST. BR Includes Resistor Assortments 1-7 (350 PCS.) S9.95 ea. 


$5.00 Minimum Order - U.S. Funds Only Spec Sheets - 2bi 

California Residents - Add 6% Sales Tax 1979 Catalog Available—Send 41< ilamp 


TflQ 50 VOLT CERAMIC 
I Ull DISC CAPACITIES 

!J 1 SL 22 IdiL. 

05 04 03 OOt^F 

(« .04 03 0047/j.F 

W> .04 03 OVF 


CORNER 


U. 10-99 IJULl 
.05 <M .035 

.05 04 .035 

.05 04 .035 

06 .05 .04 

.06 05 . 04 

12 09 .075 


IK. 04 035 VF 12 09 .075 

100 VOLT MYLAR FILM CAPACITORS 

i; 10 .07 022ml .13 II 08 

.12 10 .07 047mf .21 .17 13 

'2 10 .07 imf .27 .23 17 

V 10 .07 22ml .33 .27 .22 

+20% DIPPED TANTALUMS /SOLID) CAPACITORS 
78 23 17 1 5/35V .30 26 .21 

:<X 23 1 7 2.2725V .31 .27 22 

.28 23 .17 3 3/25V .31 .27 .22 

28 .23 17 4 7/25V .32 28 .23 

28 .23 17 6 8/25V .36 31 .25 

2-8 .23 17 10/25V 40 .35 29 

28 .23 17 15725V .63 50 . 40 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 
WM Luad Radial la»0 

13 lb 47/25V 15 13 10 

J. 14 1J 47/50V 16 14 11 






ELECTRONICS 


PHONE 
ORDERS 
WELCOME 
( 415 ) 592-8097 


MAIL ORDER ELECTRONICS - WORLDWIDE 

1021 HOWARD AVENUE. SAN CARLOS. CA 94070 
ADVERTISED PRICES GOOD THRU MARCH 


J. 14 1J 47/50V 

« .12 09 t 0/16V 

16 .13 10 1 0/25V 

15 13 .10 1.0/50V 

16 14 .12 4.7/16V 

17 15 .12 4.7/25V 

>* .20 18 4.7/SOV 


<5 41 38 100/25V 

.33 29 27 100/50V 

55 .50 45 220716V 

70 .62 .55 470/25V 


15 13 10 

.16 14 11 

.16 14 11 

.15 13 10 

.15 13 10 

16 .14 11 

.14 12 .09 

.15 13 10 

16 14 12 

24 21 19 

19 15 14 

24 20 


More Details? CHECK-OFF Page 118 
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integrated circuit tone generator 


The MK5085/86 as shown in the 
February, 1977, issue of ham radio, 
can be used to make a very simple, 
inexpensive, and reliable tone en¬ 
coder. In fact, with the exception of 
the addition of the transmitter keying 
relay and driver transistor, the circuits 
shown have been taken directly from 
the Mostek data sheet. 

A couple of additional comments 
are in order, however. First, it is 
usually inadvisable to feed the en¬ 
coder's output into the microphone 
line as indicated in the article. The 
pre-emphasis in the audio amplifi¬ 
cation circuits will distort the level 
differential between the high and low 
group tones, which should be on the 
order of 3 dB. Thus, the levels actu¬ 
ally transmitted, i.e., presented to 
the decoders at the receiver, will not 
be correct and decoding difficulty 
may result. In order to use the micro¬ 
phone input, some kind of rolloff cir¬ 
cuitry is necessary, and this adds to 
the complexity of the overall encoder. 

A second problem with using the 
microphone input is that of back¬ 
ground noise; the tones receive as 
much amplification as the ambient 
noise. Since the output of the 
MK5085/86 is on the order of 700 
millivolts for the low group and 1100 
millivolts for the high group, these 
high-level signals do not need high 
amplification. 

The chip was primarily designed 
for telephone application, and to feed 
a load of approximately 600 ohms. In 


the telephone application, a conve¬ 
nient output load is the telephone line 
itself. However, the line is also the 
power source. With this background, 
it is easy to see that the chip really 
prefers to deliver its output right into 
the power line. Using an independent 
power source, this characteristic can 


power where the 12-volt line enters 
the rig, and not directly from the rig's 
power supply. The temptation to do 
the latter may be great in view of the 
less-than-10 volts allowed by the 
MK5085/86. The diode in fig. 1 is 
not really necessary if power is taken 
directly from the car battery, but it 


fig. 1. Diagram of the meth¬ 
od used to eliminate tones 
from the power line. 


IN400I 

+ IZVO -- 


RS 

-VW 


• 100/iF 
‘ 25 V 



MK5 085/86 
S2559 


be ignored. Powered from the radio, 
however, the effect will be to modu¬ 
late the entire primary power. In 
short, the tones will wind up in all 
kinds of places where you don't want 
them. 

A simple solution is shown in fig. 
1. A large capacitor will swamp the 
tones, provided the power source 
impedance is low enough; take 


should be noted that the MK5085/86 
is (mostly) CMOS and can generate 
appreciable spikes. 

I prefer the AMI S2559 over the 
Mostek 5085/86 primarily because of 
its ability to stand power of up to 15 
volts, eliminating the need for the 
zener and dropping resistor shown in 
fig. 1 . The S2559 is pin-compatible 
with the Mostek chips and can direct- 


fig. 2. Schematic of a more 
satisfactory method for 
generating a variable drop¬ 
out time. CR1 through CR3 
are all 1N914 diodes. R3 is an 
appropriate current limiting 
resistor for the LEO used. 
The maximum operating 
current permissible for the 
relay is ISO mA. Varying the 
1-megohm resistor will 
change the dropout time 
from approximately 0.1 to 
1 second. 


+ 6 lit V 
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ly replace them. It is also driven from 
the standard 3.58-MHz color-burst 
crystal. Aside from the wider power 
tolerance (down to 3 volts or so), 
there is yet another advantage: The 
S2559 can be used with either a Class 
A or 2-of-8 (or 2-of-7) DTMF key¬ 
board. The choice of which Mostek 
chip to use is dictated by the key¬ 
board key configuration. 

A final observation concerns the 
transmitter keying arrangement 
shown in the article. It will work, and 
is simple and inexpensive, but it does 
have a potential drawback. The two- 
second time delay is too long (easily 
changed by choice of capacitance), 
but it is not very constant or reliable. 
This could cause problems when the 
circuit is used with an autodialer or 
repertory dialer. 

In my opinion, a better (and only 
slightly more expensive) arrange- 


is low, holding the threshold voltage 
at pin 6 of the 555 low. The trigger 
voltage at pin 2 of the 555 is also 
low, the capacitor having discharged 
through the timing resistors. The 555 
output, pin 3, is high (because trigger 
went low), charging the capacitor 
through CR2. This does not change 
the timer state, even though trigger 
is now high, because threshold stays 
low. The 555 is stable in this state: 
threshold low, trigger high, output 
high, and capacitor charged. K1 is 
not energized. 

When a key is pressed, the MUTE 
output from the encoder goes high, 
tripping the threshold of the 555 and 
driving the output low. This energizes 
K1. Full charge is maintained on the 
capacitor through CR1. When the 
key is released, the capacitor begins 
to dischage through the timing re¬ 
sistors. If no key is pressed before the 


3 - IS V 



fig. 3. Circuit for a complete tone decoder. The AMI S2559 is a pin-for-pin replacement, 
featuring the capability of a higher input voltage, 15 vs 10 volts. Pin 15 is grounded for dual 
tones only. When left open, a single tone is generated when two keys in the same row or 
column are generated. For all practical purposes, the 330-ohm load resistor on pin 16 can 
remain the same value when Vdd is changed, though the optimum value is 270 ohms for a 
12-volt supply and 628 ohms for a 5-vo(t supply. If an audible side tone is desired, a 4- to 8- 
ohm speaker can be inserted in the supply line. 


merit can be made using the work¬ 
horse 555 timer. The circuit, as 
shown in fig. 2, gives an easily ad¬ 
justable hang time of from 0.1 sec¬ 
ond, to about 1.1 seconds, by adjust¬ 
ing the 1 megohm pot in series with 
the 100k fixed resistor. Once set, the 
hang time is extremely consistent. 

The circuit works as follows. With 
no key pressed, the MUTE output at 
pin 10 of the MK5085/86/AMIS2559 


capacitor discharges to 1/3 Vcc (ap¬ 
proximately one time constant) the 
555 triggers, returning the 555 to its 
previously stable state. The capacitor 
recharges virtually instantaneously 
through CR2. If another key is 
pressed before the capacitor dis¬ 
charges to 1/3 of Vcc, it immediately 
recharges to full voltage through CR1 
and remains there until the key is 
released. 


CR3 is transient suppression for 
K1. I found it useful to use a rela¬ 
tively low-voltage relay with series 
resistance because (a) I got a real buy 
on 5-volt reed relays and (b) by ad¬ 
justing the resistor the timing circuit 
will operate down to the lower func¬ 
tional limit of the 555 and the S2559. 
The LED and its associated series re¬ 
sistor are optional. 

If this timing circuit is used with 
the MK5085/86, an 82k resistor 
should be used in series with CR1. 
The MUTE output current is capable 
of providing 10 \iA. (The S2559 will 
provide a couple of mils.) However, 
since the capacitor never discharges 
below 1.3 Vcc and because the ma¬ 
jority of charging current comes 
from the 555, the 82k resistor sug¬ 
gested isn't really required. However, 
it is cheap insurance to protect an 
$8.20 1C. 

It is preferable to use a pot in 
series with the encoder output (see 
fig. 3). This provides both level ad¬ 
justment and isolation concurrently. 
Taking the output from a pot in the 
output emitter line (as shown in the 
article) is not recommended, as it 
more greatly affects the impedance 
the chip is working into. I have found 
a 25K pot to be about the right value, 
using it in place of the 20k isolation 
resistor previously mentioned. 

One final thought: A useful addi¬ 
tion would be to short out the micro¬ 
phone (or open the microphone audio 
line) when the encoder is active, 
eliminating background noise. This 
can be done in a variety of ways, the 
most obvious being to use another 
pole on the keying relay connected 
to the 555 timer. 

Concerning the relay, the 10 mA 
operating current does not include 
the relay current. Care must be taken 
if a 9-volt battery is used; they're 
not made to drive current-hungry 
devices like relays. Also, the 10 mA 
figure is with Vdd equal to 6 volts, 
but the circuit shows a 9-volt source. 
Under these conditions the current 
will be around 20-25 mA. 

Frank Bates, W6IPB 
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TR-7400A “KENWOOD” 
OWNERS: SCANNER KIT 


FT-227 “MEMORIZER” 
OWNERS: SCANNER KIT 




The 1). S. Callbook has nearly 
350,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
with almost 285,000 calls, 
names and addresses of ama¬ 
teurs outside of the USA 

U.S. Callbook $15.95 
Foreign Callbook $14.95 

(Plus Shipping) 


Order trom your favorite electron¬ 
ics dealer or direct from the pub¬ 
lisher. All direct orders add $1.75 for 
shipping. Illinois residents add 5% 
Sales Tax. 


RADIO AMATEUR) 

^cal 

,Dept. 


Dept, e 925 Sherwood Drive 
lake Bluff, III 60044 


RUBBER DUCKIES’ 


Cf C (' r in mtimr-o f t ftun 

A MUST FOR 2-METER HAND HELDS 
Model Description Price 

GC-1 5 16 Knurled Stud Fits 
Icom Motorola ami many 
others $6 50 

GC 2 BNC Connector S 9 98 

GC-3 TNC Connector lor 

Wilson 1405 $13 98 

GC 4 PL 259 Connector $6 50 

GC 5 Type F Connector Ms 

Wilson 1402 and Tempo $ 9 50 i 

Equipment made in USA hy OEM MFRS 4 
Send lo ^ 

G & C COMMUNICATIONS 

730 Cottonwood. Lincoln. NE 68510 

Add $1 00 lor handling and shipping 
• Dealut and OEM RFQ s Welcome) 


• Installs completely inside rig No 
obtrusive external connections 
Scans the complete band or only the 
portion you select on the MHz switch ot 
your rig (e g 144-148 or 146-148 MHz) 
Scan frequency is displayed on digital 
readout 

Two miniature toggle switches supplied 
with kit (scanner on-olt. scan-lock may 
be mounted externally or on the top or 
bottom cover ol the rig 
In the scanner oil mode the TR-7400A 
behaves normally In the scanner ON 
mode the scanner locks up on an 
occupied frequency, pauses lor a preset 
time (3-30 seconds) and then resumes 
scanning This means you can eavesdrop 
all over the band without lifting a linger 
When you hear something interesting you 
Hip the switch to the lock mode and the 
rig is ready to transmit 
Scans at the rate of 50 kHz per second 
Complete with detailed instructions (even 
for the beginner). 


Kit $39.95 


Preassembled $59.95 

addjl 50 postage and handling 


• Selectable sweep width (up to lull band) 

• Scans only the portion ol band you select 

• Scans at the rate of 200 kHz per second 

• Switch modification on mike allows you to 
scan past, or lock on. any occupied 
frequency 

• Complete kit with detailed instructions 

• Installs inside rig, no obtrusive external 
connections 

• Rig can easily be returned to original 
condition whenever desired 

• Scans to preset limits and reverses 

• Automatic bypass ol locked frequency in 
3-1/2 seconds unless you press lock-on 
switch 

• You can eavesdrop all over the band 
without lifting a finger 

Kit $34 95 preassembled and tested $54.00 

add Si 50 postage and handling 

IC-22S Scanner Kits also available 

Kit $34.95 $54.00 assembled 

add |i 50 postage and handling 
dealer inquiries invited 


AED ELECTRONICS 


750 LUCERNE RD.. SUITE 120, MONTREAL, QUEBEC. CANADA H3R 2H6 
TEL. 514-737-7293 


GERMAN DEALER 


I'm looking for a wholesaler or manu- 
laclurer of transceivers and of all other 
accessories for Amateur Radio and CB 
If you are interested in direct export to 
Germany, please send us your pro¬ 
posal 

I am also interested in taking charge of 
an outlet, for example a dealership 
carrying your items, if possible with 
your participation 

Amateur- und CB-Funk 

□rfenberger St( 58. P O B 2226 
D 7600 Olfenburg. West Germany 
Karl Rauchalles. OF 9 UK 


Iron Powder and Ferrite 

TOROIDAL CORES 


Wide selection — Large stock 
Fast, one-day service 
Technical data with each order 
Write for free Tech-Data Flyer 


AMIDdN , 

y-ysmm 


12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany Eleklromkiaden Wilhelm — Mellies Sir 88. 4930 Oetmold 18 West Germany 
In Japan Toyomura Electronics Company. Ltd . 7 9. 2 Chome Sota Kanda Chiyoda Ku. Tokyo Japan 














NEW! 


NEW! 


FM2016A 



All Solid State-CMOS PL digital synthesized • No Crystals to Buy! 5KHz steps - 144-149 
MHz-HUGE 3 /e" LED digital readout PLUS MARS-CAP and MULTIPLE OFFSET BUILT IN. 

• 5 MHz Band Coverage -1000 Channels (instead of the usual 2 MHz to 4 MHz-400 
to 800 Channels) • 4 CHANNEL RAM 1C MEMORY WITH SCANNING AND 
AUTO TRANSMIT • MULTIPLE FREQUENCY OFFSETS • ELECTRONIC AUTO 
TUNING - TRANSMIT AND RECEIVE • INTERNAL MULTIPURPOSE TONE 
OSCILLATOR • RIT • RF ATT • DISCRIMINATOR METER - 16 Watts Output- 
Unequaled Receiver Sensitivity and Selectivity - 15 POLE FILER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END, COMPARE! 

• Superb Engineering and Superior Commercial Avionics Grade Quality and Con¬ 
struction Second to None at ANY PRICE. 


INTRODUCTORY 

PRICE 

$ 359 00 


Regulated AC/PS 

Model FMPS 4R S39 95 



SHOWN WITH OPTIONAL M P 800 MICRO PROGRAMMER’ 


FMMC f Micto 
phone with Built in 
Touch Ton« Pad 
WHY BUY LESS? 

THE FMMC 1 
HAS IT ALU 

• New' Auto Key up 

• Snap Action Keyboard 

• Adi level and tone 

balance 

• Use withany transceiver 

• Only 3fc" a 2” *39** 


• FREQUENCY RANGE Receive and Transmit 144 00 to 148 995 
MHz. 5 Khz steps (1000 channels) * MARS CAP and MULTIPLE 
OFFSET BUILT IN 

• HUGE W LED DIGITAL READOUT 

• 4 CHANNEL RAM SCANNER WITH 1C MEMORY AND AUTO 
TRANSMIT: Program any 4 frequencies and reprogram at any time 
using the front panel controls—search for occupied (closed) channel 
or vacant (open) channels Internal Ni Cad included to retain memory 
(no diode matrix to wire or change) 

• MULTIPLE FREQUENCY OFFSETS NO CRYSTALS TO BUY 
EVER Any offset any split! Odd Ball splits accomplished by digi 
tal programming Never any need for crystals! 

• INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT IN 
Sme Wave 1750 Hz tone burst for whistle on operation and sub 
audible tone operation Internal 2 position switch for automatic and 
manual operation, tone burst or sub audible tone PL adjustable 60- 
203 Hz (100 Hz Pre Set) 

• AIRCRAFT TYPE FREQUENCY SELECTOR Large and small 
coaxially mounted knobs select lOOKHz and lOKHz steps 
respectively Switches click stopped with a home position facilitate 
frequency changing without need to view LED's while drivino and 
provides the sightless amateur with full Frequency Selection as 
standard equipment 

e FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND 
TRANSMITTER CIRCUITS DC output of PLL fed to varactor diodes 
in all front end RF tuned circuits provides full sensitivity and 
optimum intermodulation rejection over the entire band APC (AUTO 
POWER CONTROL) Keeps RF output constant from band edge to 
band edge NO OTHER AMATEUR UNIT AT ANY PRICE harthese 

features which are found in only the most sophisticated and 
expensive aircraft and commercial transceivers 


• TRUE FM Not phase modulation for superb emphasized hi-f 1 audio 
quality second to none 

e RIT CONTROL Used to improve clarity when contacting stations 
with off frequency carrier 

e MONITOR LAMPS 2 LED s on front panel indicate (1) incoming 
signal-channel busy, and (2) Transmit 

e FULLY REGULATED INTEGRAL POWER SUPPLY Operating 
voltage for all 9v circuits independently regulated Massive 
Commercial Hash Filter 

e MODULAR COMMERCIAL GRADE CONSTRUCTION 3 Unit 
ized modules eliminate stray coupling and facilitate ease of main 
tenance 

e ACCESSORY SOCKET Fully wired for touch tone, phone patch, 
and other accessories Internal switch connects receiver output to 
internal speaker when connector is not in use 

e MULTI-PURPOSE METER Triple Function Meter Provides 
Discriminator Meter. ' S Reading on receive and Power Out on 
Transmit 

e RECEIVE Better than 25uv sensitivity. 15 POLE FILTER as well as 
monolithic crystal fUier and AUTOMATIC TUNEO LC circuits provide 
superior skirt selectivity - COMPAREI 

e HIGH LOW POWER OUTPUT 16 watts and 1 watt, switch se 
lected Low power may be adjusted anywhere between 1 and 16 
watts Fully protected short or open SWR 

• RF ATT Live right next to King Kong Repeater and can 1 operate? 

With the 2016A You Can Just flick the RF ATT switch Only the 
2016A has this feature 

e OTHER FEATURES Dynamic Microphone, built in speaker, mobile 
mounting bracket, external 5 pin accessory jack, speaker jack, and 
much, much more Size 2V6 x 7 x 716 All cords, plops, fuses, micro 
phone hanger, etc included Weight 5 lbs Regional Sairs g, Service Centers 


Manufactured by one of the world’s most distinguished Avionics manufacturers. Kyokuto Denshi Kaisha. Ltd. 
First in the world with an all solid state 2 meter FM transceiver 

AMATEUR-WHOLESALE ELECTRONICS 


E*tf Sanford Commun< aborts. Inc 
Cotonia.N J 
(P01) 574 3003 

Worthaart Buzzards Bay Electronics 
Buzzards Bav Mass 
(617) 75*33)6 
Waal The Radio Shop 


Riverton Utah 
(801) 254 0991 
Northwa at Action Supply Inc 
Burse Idaho 
(208) 344 5084 


8817 S.W. 129th Terrace, Miami. Florida 33176 
Telephone (306) 233-3631 a Telex: 61-6628 
U S. DISTRIBUTOR 


DEALER INQUIRIES INVITED 


Mkheaal Universal Service 
Columbus Ohio 
(614) 866 4267 

South Electronic Communications 
Highland Sonne Virginia 
(804) 737 5100 


More Details? CHECK-OFF Page 118 










For literature on any of the new 
products, use our Check-Off 
service on page 118. 


NDI 800-channel 
2-meter transceiver 



NDI, Incorporated, of Torrance, 
California, has announced the 
HC-1400, a new, high-performance 2- 
meter fm mobile transceiver of ad¬ 
vanced design. This microprocessor 
controlled, digitally synthesized unit 
has 800-channel capability within the 
Amateur 144 148 MHz band, and 
offers 5- or 10-kHz channel spacing. 
A fast-acting, single-knob selector 
shifts LED digital frequency readout in 
10-kHz steps; the HC-1400 also has a 
100-kHz "speedup” button. 

Transmit frequency offsets are pre¬ 
programmed, and are switchable to 
plus or minus 600 kHz. Simplex oper¬ 
ation is also available. The HC-1400 
can be programmed to hold three 
transmit-receive frequency pairs in 
memory, with the capability of in¬ 
stant recall. The transmitter delivers 
25 watts output, and requires 13.8 
Vdcfor operation. 

The receiver is sensitive, selective, 
and uses an FET front-end with three 
coaxial resonators. The dual i-f has a 
crystal lattice filter and multiple tuned 
circuits. 


For more information write to NDI, 
Inc., 22125% South Vermont, Tor¬ 
rance, California 90502. 

350-watt solid-state 
amplifier 

R.F. Power Labs, Inc., of Kirkland, 
Washington, is proud to announce 
their newest amplifier. Model V350. 
This solid-state vhf amplifier is de¬ 
signed for the Amateur Radio 2-meter 
band, but can be used (on special 
orders) over a 5-MHz bandwidth 
from 135 to 170 MHz. It is capable of 
producing more than 350 watts of rf 
output power into 50 ohms when 
driven with 10 to 15 watts. The ampli¬ 
fier weighs only 23.5 kg (52 pounds), 
including the built-in ac power 
supply. 

The V350 is priced at $895.00, de¬ 
livery is one to three weeks. For con¬ 



tinuous-duty operation the F135 (115 
Vac) or F235 (230 Vac) fan kit should 
be used, priced at $59.00 each. 

For more information, contact 
R.F. Power Labs, Inc., 11013 - 118th 
Place N.E., Kirkland, Washington 
98033. 

Cushcraft 
vertical antennas 

Many hams are convinced that to 
work a lot of DX they need a couple 
of thousand watts and a monster an¬ 
tenna array. While that undoubtedly 
helps, where is it written that the ham 
suffering from a money or space 
cramp can't compete for his day in 
the DXCC sun? 


The three new Cushcraft verticals, 
the ATV-3, ATV-4, and ATV-5, pro¬ 
vide a common-sense solution to a 
commonplace problem. Specifically 
designed for the DXer, these anten¬ 
nas provide the low angle of radiation 
necessary for long-haul DX commu¬ 
nications, along with the perform¬ 
ance and quality long associated with 
the Cushcraft name. The ATV-3, 
ATV-4, and ATV 5 operate over the 
10, 15, and 20 meter Amateur bands. 
The ATV-4 has built-in 40-meter cov¬ 
erage, and the ATV-5 is all set for 
complete five-band operation. 

All antennas feature a built-in 
PL-259 coax connector and stainless- 
steel hardware for all electrical con¬ 
nections; all are matched to 50 ohms 
and rated for a full 2000 watts PEP. 
Factory-marked tubing and plain 
English instructions make assembly 
a snap. 

Built to withstand the severest 
weather, the ATVs feature specially 
designed, high-Q traps employing 
large diameter enameled copper wire 
and solid aluminum, air-dielectric 
capacitors. The trap forms are manu¬ 
factured from fiberglass for minimum 
dielectric loss and high strength. 

Available from dealers worldwide, 
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the ATV-3, ATV-4. and ATV-5 retail 
for $49.95, $89.95, and $109.95 re¬ 
spectively. For more information and 
a full-color catalog highlighting the 
entire Cushcraft antenna line, write to 
Cushcraft, P.O. Box 4680, Manches¬ 
ter, New Hampshire 03108. 


B&K model 820 digital 
capacitance meter 



Dynascan Corporation has just an¬ 
nounced the introduction of the 
B&K-Precision Model 820 portable 
digital capacitance meter. The 820 
is a compact instrument capable of 
measurement over the wide capa¬ 
citance range of 0.1 pF to 1 farad. 
Accuracy will greatly exceed the tol¬ 
erance of most capacitors. The unit 
features a bright, four-digit LED dis¬ 
play for easy reading in laboratories, 
product lines, or field applications. 

The capacitance of virtually any 
capacitor can be measured quickly 
and accurately with the 820. Be¬ 
cause the accuracy of this unit great¬ 
ly exceeds the tolerance requirements 
of most users, required values can be 
"hand selected." Matched capacitors 
can also be singled out for use in 
bridge circuits and other critical ap¬ 
plications. Ten ranges cover from 0.1 
pF to 1 farad with resolution up to 
0.1 pF. 

The 820 allows quick measurement 
of unmarked capacitors or verifica¬ 
tion that a capacitor is within toler 
ance. Virtually any type of capacitor 
can be measured, from miniature 



Something 


Call or write for a FREE 
product brochure. 


Name 


Address 


ver 150 amateur antennas, 
and Telex 


headsets and microphones. 
Complete with illustrations, 
descriptions and prices. 


ormo 


Please send me your Amateur Product Brochure 


vain electronics 

Division Of mi x communications inc 


0801 Northeast Highway 6 • Lincoln Nehratjka 68505 USA 
Telephone 14021 487 5321 tc1C« HygeVi t-W a 48 4324 


More Details? CHECK-OFF Page 118 
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ERC PROMISES UP TO THE MIHUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 

WE'VE DONE IT FOR 1979 

FOUR SIMULTANEOUS FILTERS IN ONE FOR UNPARALLELED QRM FREE RECEPTION (SSB & CW) 
•PLUS A SPECIAL PATENTED CW PROCESSOR* 


The BRAND NEW Sl-56 AUDIO ACTIVE FILTER SUPERCEDES 
OUR SL-55 IN BOTH CONCEPT AND PERFORMANCE. CONSOL¬ 
IDATION OF MANY COMPONENTS HAS ALLOWED US TO MAKE 16 
OPERATIONAL AMPLIFIERS (COMPARED TO 6 IN THE SL-5S) 
INTO A FILTER GUARANTEED TO OUT PERFORM ANY OTHER 
AT A COST ONLY SLIGHTLY HIGHER THAN THE SL-55. THE 
FEATURES OF THE SL-56 ARE SO ADVANCED FROM ITS PRED¬ 
ECESSOR THAT CALLING IT THE SL-55A IS NOT JUSTIFIED. 
UNLIKE OTHER FILTERS THAT SIMPLY OFFER A CHOICE OF 
ONE OR TWO FILTER TYPES AT A TIME (NOTCH. BANDPASS, 
ETC.) SL-56 PROVIDES WHAT IS REALLY NEEDED — THE 
SIMULTANEOUS ACTION OF A 6 POLE 200 Ha FIXED HIGH- 
PASS FILTER and A 6 POLE 1600 Ha FIXED LOWPASS FIL¬ 
TER WITH A 60 dB NOTCH WHICH IS TUNABLE OVER THE 
200-1600 ha RANGE. THIS 3 FILTER COMBINATION IS UNBEATABLE FOR THE ULTIMATE IN QRM FREE SSB 
RECEPTION. ADJACENT CHANNEL QRM IS ELIMINATED ON THE HIGH AND LOW SIDES AT THE SAME TIME AND DOES 
NOT INTRODUCE ANY HOLLOWNESS TO THE DESIRED SIGNAL. ON CW THE SL-56 IS A DREAM. THE LOWPASS. 
HIGHPASS AND NOTCH FILTERS ARE ENGAGED ALONG WITH THE TUNABLE BANDPASS FILTER (400-1600 Ha) PRO¬ 
VIDING THE NEEDED ACTION OF 4 SIMULTANEOUS FILTER TYPES. THE BANDPASS MAY Bl MADE AS NARROW AS 
14 HA (3dB). ADDITIONALLY. A SPECIAL PATENTED CIRCUIT FOLLOWS THE FILTER SECTIONS WHICH ALLOWS 
ONLY THE PEAKED SIGNAL TO GATE ITSELF" THROUGH TO THE SPEAKER OR HEADPHONES (4-2000 OHMS). 
RECEIVER NOISE. RING AND OTHER SIGNALS ARE REJECTED. THIS IS NOT A REGENERATOR. BUT A MODERN NEW 
CONCEPT IN CW RECEPTION. THE SL-56 CONNECTS IN SERIES WITH THE RECEIVEP SPEAKER OUTPUT AND DRIVES 
ANY SPEAKER OR HEADPHONES with ONE WATT OF AUDIO POWER. REQUIRES 115 VAC. EASILY CONVERTED TO 12 
VDC OPERATION. COLLINS GRAY CABINET AND WRINKLE GRAY PANEL. 



SL-55 

AUDIO ACTIVE FILTER 
13.5 « 5.5 t 7.5 INCHES) 


WARRANTED ONE YEAR FULLY RFI PROOF FULLY WIRED AND TESTED AVAILABLE NOW 
$75.00 POSTPAID IN THE USA AND CANADA. Virginia rhiointi ado iai.es t» 

ATTN SL-55 OWNERS: THE CIRCUIT BOARD OF THE SL-56 IS COMPLETELY COMPATIBLE 
WITH THE SL-55 CHASSIS. OUR RETROFIT KIT IS AVAILABLE AT $35 00 POSTPAID. 


I I CD □ CD ( I 


ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 


OF VSWR AND POWER ACCEPTED BY THE LOAD 


REQUIRES 115 VAC AT LESS 
THAN 1/16 AMP. 

COLLINS GRAY CABINET. 
WRINKLE PANEL - BRIGHT 
RED LED DIGITS (.33"). 
DECIMAL POINT IS THE 
PILOT LIGHT. 



TWO SO-239 COAX CONNECTORS 
ARE AT THE REAR PANEL. 


DIMENSIONS 3.5 x 5.5 x 7.5 
INCHES. 


WEIGHT IS 2 POUNDS. 


1.8-30 MH, 

1HE MODEL SL-65* (20-2000 WATTS) AND THE QRP MODEL SL-65A* (0.2-20 WATTS) DIGITALLY INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MOOE -- SSB. CW. RTTY. AM Etc. THERE IS NO CALIBRATION RE¬ 
QUIRED AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT IS THE VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. INSTANTLY CAUSES THE VSWR TO BE DISPLAYED THROUGH¬ 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE DIS¬ 
PLAY INDICATES THE NET POWER (FORWARD LESS REFLECTED) THAT IS ACCEPTED BY THE ANTENNA. THE PEAK 
OF THE NET £££ IS DETECTED AND DISPLAYED WITHOUT FUCKER FOR ANY MODULATION TYPE. DISPLAY UPDATE 
IS CONSTANT YET TUCKER FREE AS YOU MAY CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE IS NOTHING 
LIKE THIS QUALITY INSTRUMENT AVAILABLE ANYWHERE ELSE. IT IS THE ONLY VSWR-NET POWER INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AND TRANSMITTED POWER AT ALL TIMES WHILE TRANSMITTING. 
EITHER MODEL IS A SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOAROS AND THIRTEEN INTEGRATED 
CIRCUITS. 


SL-65 

VSWR INDICATOR 


WARRANTY 


ONE YEAR SL-65 

NET POWER INDICATOR 


• TWO DIGIT DISPLAY SHOWS VSWR 
TO AN ACCURACY OF .1 FOR VALUES 
TROM 1.0 AND 2.2. ACCURACY IS TO 
.2 FOR VALUES FROM 2.3 TO 3.4 
AND TO .3 FROM 3.4 TO 4.0. FROM 
4.1 TO 6.2 THE INDICATION MEANS 
THAT VSWR IS VERY HIGH. 


• FOR VSWR VALUES NEAR 1.0. THE 
POWER RANGE FOR A VALIO READING 
IS 20 - 2000 WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FLICKER FREE VALIO 
READING IS SOMEWHAT LESS (35 - 
1000 WATTS FOR VSWR AT 2.0). 


• DIVIDE THE ABOVE POWER LEVELS 
BV 100 TO OBTAIN THE PERFORMANCE 
OF THE SL-65A QRP MODEL._ 



• THE POWER DISPLAYED IS THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
THIS IS THE POWER THAT THE TRANSMITTER 
IS "TALKED" UP TO. DISPLAY DECAY TIME 
IS ABOUT ONE SECOND. 

• THE POWER DISPLAYED IS THAT WHICH 
IS ACCEPTED BY THE ANTENNA (FORWARD 
LESS REFLECTED). 

• POWER IS DISPLAYED ON THE SAME TWO 
DIGITS AS VSWR IN TWO AUTORANGED 
SCALES. 20 TO 500 WATTS AND 500 TO 
2000 WATTS. TRIPOVER AT THE 500 WATT 
LEVEL IS AUTOMATIC EX: A READING OF 
1.2 COULD MEAN 120 OR 1200 WATTS. 

YOU MUST KNOW WHICH RANGE YOU ARE IN. 

• ACCURACY IS TO 10 WATTS IN THE LOWER 
RANGE AND 100 WATTS IN THE UPPER RANGE. 
DIVIDE POWER SPECS BY 100 FOR SL-65A. 


PRICE: S189.50 POSTPAID IN USA & CANADA. VA. RESIDENTS ADD 4% SALES TAX. 


BOOKLET AVAILABLE AT 
$2.00 REDEEMABLE TO¬ 
WARD PURCHASE. 

• PATENT PENDING. 


ELECTRONIC RESEARCH CORP. OF VIRGINIA 
P. 0. BOX 2394 

VIRGINIA BEACH. VIRGINIA 23452 

TELEPHONE (8041 463-2669 


discs to pole-mounted power types. 
Even the small amounts of capa 
citance encountered in cable or 
switches can be measured. 

For production-line applications, 
the 820 is an excellent means of pre¬ 
testing critical capacitors or accurate 
ly adjusting trimmer capacitors. The 
simplicity of operation allows even 
untrained workers to be quickly in¬ 
structed in proper operation. To facil 
itate fast incoming component sort¬ 
ing and selection, slot-type front 
panel lead insertion jacks are used. 
The slot jacks eliminate the time 
wasting step of guiding a capacitor 
lead into the type of small lead inser¬ 
tion holes commonly found on other 
instruments. 

In classroom applications, the 820 
can be used to verify capacitor net¬ 
work calculations by measuring the 
actual value of a network. The opera 
tion of a variable capacitor can also 
be demonstrated, as can the temper¬ 
ature effects on a capacitor. 

The B&K Precision Model 820 
comes with a 26-page detailed 
manual. Optional accessories include 
the BP 28 rechargeable battery pack, 
BC 28 charger, and LC 28 carrying 
case. The 820 is now available for 
immediate delivery at local B&K- 
Precision distributors at a price of 
$130.00. For additional information, 
contact B&K-Precision, Sales De¬ 
partment, 6460 West Cortland Street, 
Chicago, Illinois 60635. 

Yaesu two-meter 
transceiver 

A new state-of-the-art, two meter, 
all-mode transceiver, the FT-225RD, 
has been added to Yaesu's quality 
line of Amateur Radio equipment. 

The new transceiver covers the en¬ 
tire 4 MHz and provides for USB, 
LSB, CW, fm and a-m. Power output 
is variable, 1-25 watts. Squelch, VOX, 
PTT, semi break-in CW with side 
tone, and tone burst are standard fea¬ 
tures of the FT-225RD A superb 
noise blanker permits mobile ssb 
operation, and a discriminator zero- 
center meter allows precise tuning of 
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fm signals. Repeater splits are the 
standard 600 kHz; however, any 
split up to 1 MHz is possible with op¬ 
tional crystal. Provision has been 
made for up to eleven fixed channels 
using optional crystals. 

The transceiver uses high-quality, 
plug-in circuit boards throughout, 
and an optional memory unit enables 
the storage and recall of any fre¬ 
quency within the range of the unit. 
This allows instant programmable 
QSY to a favorite repeater or calling 
frequency with just a flick of the 
switch. The digital frequency is ac¬ 
curate to 0.1 kHz or to 1 kHz with the 
FT-225R, which offers the analog dial 
readout only and at slightly less cost. 

A built-in power supply provides 
taps for operation on 100/110/117/ 
200/220 and 234 volts 50/60 Hz; dc 
operation covers 11.5 to 16 volts, 
negative ground at 6.5 amps on 
transmit, 1.2 amps on receive. 

An attractive, four-color brochure 
is available at your nearby authorized 
Yaesu dealer or from Yaesu Elec¬ 
tronics Corporation, 15954 Downey 
Avenue, P.O. Box 498, Paramount, 
California 90723. 


second generation 
VMOS 



Siliconix has introduced the first of 
a new family of high-current and 
high-voltage VMOS power fets, serv¬ 
ing both analog and digital applica¬ 
tions. The VN84GA has a rated out¬ 
put of 12.5 amperes, 80 volts, and 0.4 
ohms — about sixfold current in¬ 
crease over previously available units. 

The VN84GA, with input power in 
the microwatt range, produces up to 
80 watts output at lower frequencies, 
or as much as 50 watts at 30 MHz. 


P-X Noise Bridge 


All Palomar Engineer* products are 
mode In USA Since 1965, manufacturers 
of Amateur Radio equipment only 



• Learn the truth about your antenna. 

• Find its resonant frequency. 

• Adjust it to your operating frequency quickly 
and easily. 

If there is one place in your station where you cannot risk uncertain results 
it is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if it is not. whether it is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas from 1 
to 100 MHz. And use It in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 


The price is $49.95 in the U.S. and Canada. Add $2.00 
shipping/handling. California residents add sales tax. 


Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


More Details? CHECK-OFF Page 118 
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SPECIAL FEATURES 

• SOI 10 STATE ELECTRONICALLY REGULATED 

• FOLD BACK CURRENT LIMITING Protects Power Supply Horn 
excessive current & continuous shotted output 

• CROWBAR OVER VOLTAGE PROTECTION on Models RS 7A, 
RS-12A. RS-20A & RS-35A 

• MAINTAIN REGULATION & LOW RIPPLE al low line input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN U S A 


ASTRON 12 AMP REGULATEO 
POWER SUPPLY Model RS-I2A 

9 Amps continuous 
12 Amps ICS* 

4" (H) x 8"(W) X 9"(0) 
Shipping Weight 13 lbs 
Price . S72 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105 12b VAC 

• OUTPUT VOLTAGE 13 8 VDC ±0 05 volts 
(Internally Adjustable 11 15 VDC) 

• RIPPLE Less than 5mv peak to peak (full load & low line) 

• REGULATION ± 05 volts no load to lull load & low line lo high line 

Other popular POWER SUPPLIES also available: (Same lealurcs and specifications as abovei 


Continuous 
Duty (amps) 


Shipping 
Wl (lbs.) 


•ICS — intermittent Commumcaiion Service (50% Duty Cycle) 

It not available at your local dealer, please contact us directly 


Inside View — RS-12A 




If you expect 
to invest in 
a new ham 
antenna in the 
next 90 days, 
invest 150 
postage to get Antenna 
Specialists’ brand 
new, complete ham 

catalog today. 


Name_ 

Address_ 


I City 

I 

I 


State 


2ip 



the antenna 
specialiete co. 


• "vermin'* o' Q«oup Inc 

• Eim'InI Awsi Oetvolervi Ohm 44100 

F apital //On 5T»«r*>ei» t>n*e» Wi*»lt)n*y l I lie* tun II50O 
Canada A C Simmuntla 4 Sntti lid 


J 



HAM RADIO 
BINDERS 

Don't let your valuable 
issues ol HAM RADIO get 
dog eared or scattered 
who knows where! Get a 
handsome, durable buck¬ 
ram binder Irom HRB 
complete with date labels 

CHR-BDL Each $6 95 
3 for $17 95 
To order, just send check 
money order or credit card 
information to 
(mcludeSt 00 Shipping) 

Ham Radio’s 
Bookstore 

Greenville NH 03048 
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This input power is several orders of 
magnitude less than that required by 
Darlington bipolars of equivalent out¬ 
put power, yet the new VMOS re¬ 
tains the benefits of fast switching, 
high gain, and high-input impedance 
that are characteristic of lower 
power VMOS units. The VN84GA 
also provides inherent fail-safe opera¬ 
tion with no failure from secondary 
breakdown and no thermal runaway; 
it has the ability to current limit by 
controlling the gate voltage. 

The VN84GA is meant to satisfy a 
designer's need for a universal high- 
power device for switching regula¬ 
tors, motor controllers, audio amplifi¬ 
ers, and as an interface for micro¬ 
processor logic outputs. It interfaces 
directly with CMOS, TTL, DTL, and 
MOS logic families. 

The VN84GA is available in a TO-3 
package from franchised Siliconix 
distributors. It is priced at $19.76 in 
single quantities. For additional infor¬ 
mation, contact Siliconix Incorpor¬ 
ated, 2201 Laurelwood Road, Santa 
Clara, California 95054. 

Newnes Radio and 
Electronics Engineer's 
Pocket Book 

In this, the latest edition of this 
handy pocket book first published in 
1940, author H. W. Moorshead has 
succeeded in keeping this standard 
reference book up to date. Obsolete 
material has been eliminated to make 
room for the most current informa¬ 
tion. The section on ICs, in particular, 
has been expanded to cover the 
many recent advances in the field. 
Among the other topics contained in 
the book are transistor and diode data 
and basing diagrams, transistor cir¬ 
cuits, transformer data, and many 
tables of information useful to the 
working technician and engineer. 
Pocket-notebook size (5 inches long 
and 3 inches wide), hard cover, 191 
pages. $5.95, plus $1.00 per order for 
shipping, from Ham Radio's Commu¬ 
nications Bookstore, Greenville, New 
Hampshire 03048; order NR-PB. 
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ED— SCR 1000 -BO- 


soldering-tool holder 
and mini-soldering 
station 



EDSVN, Incorporated, of Van 
Nuys, California, announces a low- 
cost soldering tool holder which also 
serves as a compact soldering sta¬ 
tion. Designated the Idle-Rest TL194 
General Purpose Holder, the unit 
holds most available soldering tools 
due to its specially designed tool 
cradle. The exterior of the holder re¬ 
mains within safe skin-touch temper¬ 
ature limits because of the low heat 
transfer characteristics of the molded 
Bakelite housing. Also, an efficient 
heat shield and ventilating-grill sys¬ 
tem helps keep heat concentrated to 
the soldering tip area. 

The holder sits securely on the 
bench top without tipping. If desired, 
the integral fastener nut may be used 
for permanent installation to the 
bench top. 

In addition, the holder contains a 
supply of desoldering wick and solder 
(included with purchase), parts or tip- 
storage tray, and a large tip-cleaning 
sponge which self-wets at the touch 
of a finger. The sponge may be re¬ 
moved if desired to obtain an addi¬ 
tional storage tray for components or 
soldering supplies. 

For more information, contact an 
authorized Edsyn distributor; for the 
name of the one nearest you, write 
Edsyn, Incorporated, 15958 Arminta 
St., Van Nuys, California 91406. 

Mirage MP1, peak¬ 
reading wattmeter 

Mirage Communications is now 
offering the MP1 high-frequency 
(1.8-30 MHz) peak-reading watt¬ 
meter. It is designed to provide the 
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Available 
With Features 
You’ve Only 
Dreamed About! 


Soon 


^ Now FCC Type Accepted 

Rt _ for Commercial Services! 


Parts 21, 89, 91 & 93. 


Like — 

• Full Autopatch, with or without Reverse patch and "Landline" or Radio Remote Control of 
the Repeater. 

• Radio and/or Landline Touch-Tone' Remote Control ol such repealer functions as HI/LO 
Power. Patch Inhibit/Reset; Switch ID Tracks; Repeater ON/OFF: PL ON/OFF. etc. 

• 65WI. Transmitter) 

• "PL"-CTCSS; HI/LO Pwr.. Multl-Freq. Up to 4 different IDs; Automatic switching lo 
“Emergency Power ID" when on battery pwr. 

• Ultra-sharp 10 Pole Xtal Filter; Xmtr. Xtal oven — for the "ultimate" in stability 

• Timeout-Timer Reset Tone Annunciator 

• And many other "custom-designed" options per your request — such as auxiliary 
receivers, radio links, etc. Pleaseinquire. 

• Along with a complete line of Repeater System Accessories . . . such as — The Finest 
Duplexers. Cavities. Cabinets from 7" to 7'. Antennas. "Hardline". Cables, etc. 


The SCR1000 — limply the Until repeeler available on the market — epso/ute/r Top 0 utllty throughout 

and often compared to (lesser featured) units selling lor 2 Slimes me price! This is a 30Wt unit with a very 
sensitive & selective receiver. Included Is a built-in AC Supply. NEW Expanded Memory CIV IDor. lull meter 
Ing and lighted status indicators/control push-buttons, crystals, local mlc, etc 


• Join the thousands of very pleased Spec Comm customers world wide — knowledgeable Amateur Radio 
groups. Commercial 2X Radio users. Military & Government Agencies. Red Cross. Universities, etc 

* So. make your dream a reality Call or write Spec Comm today 1 Give us all ot your repeater system re¬ 
quirements — whether modest or "Super Deluxe", and lot us send you a quote 

•Registered Trade Market AT AT 

A Full Line of SCR1000 Repeater Boards & Complete Sub- 
_ _A ssemb lie s Are Also A vaila ble: Inquire. _ 

Export Orders — Contact our International Department 

. SPECTRUM COMMUNICATIONS , 

V Dept. HM — 7055 W. Germantown Pk. y 

Norristown, PA 19401 (215)631-1710 
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NOT TOOTING OUR OWN HORN BUT- 
WE TRY HARD TO PLEASE YOU, THE 
CUSTOMER!! 


FOR FAST RELIABLE DELIVERY AND SERVICE 
LET US SHOW YOU OUR STUFF ! ! 

creative electraaicc 

PO BOX 7054 
MARIETTA GEORGIA 30065 

PHONE (404 ) 97 1- 2 122 OR OUTSIDE GA (800) 24 1 - 4 5 47 


ASK FOR NEIL OR JUDI 

DEALERS & DISTRIBUTORS FOR 
•VHF ENGINEERING 
•HAMTRONirS 
•PHELPS DODGE 

•WACOM 

uu <*cctpe 




i*t til 

'll. s. 

dollar* ! 



Hi. <:m: A'uOil lU%rLifmrwl ft j 


RECITAL 


THEATRE CONSOLETTEII SPINET 



You can 

assemble any of these 
Schober Organs 

—and save 50% off store prices. 


r--- 

This coupon will bring you the 
fascinating Schober color cata¬ 
log which describes the organs 
' and shows you how easy it is to 
assemble them from Schober f s 
complete kits. Include $1 if you 
‘ want a 12-inch demo record. 


The Organ Corp.. Dept HA-1 

43 West 61st Street, New York. N.Y. 10023 

□ Please send me the Schober Organ Kit 
Catalog 

□ Enclosed is my $1 tor the 12-mch demo 
record. 

Name- 

Address 

City State-Zip- 
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essentials is now available from the J. 
W. Miller Division of Bell Industries, 
Compton, California. 

Newest additions to their catalog 
include direct reading SWR/power 
meters, an rf speech-processor, and 
coaxial switches. Included also is the 
broad line of high pass, lowpass, 
audio, and ac power-line filters. 

Catalog 79 gives detailed specifica¬ 
tions for rf coils, chokes, filters, and 
related communication components. 
To assist in selection, coils are cate¬ 
gorized by frequency from 0 through 
500 MHz in the table of contents. 
Schematic diagrams for all shielded 
and unshielded coils, showing adjust¬ 
ment accessibility, are given. 

For additional information, contact 
Jerry Hall, Operations Manager, Bell 
Industries, J. W. Miller Division, 
19070 Reyes Avenue, P.O. Box 5825, 
Compton, California 90224. 

Astatic amplifying 
microphone 



A microphone designed for repeat¬ 
er-control and phone-patch opera¬ 
tions has been introduced by the 
Astatic Corporation, Conneaut, Ohio. 
It's the new Astatic T^M amplified 
microphone with touch-pad encoder. 

For fingertip convenience, the 
touch pad encoder is an integral part 
of the microphone itself. It has a tac¬ 
tile twelve-key keyboard and provides 
visual feedback through a front- 
mounted LED. 

Priced comparably to a conven¬ 
tional microphone, the T 2 M is of an 



Cushcraft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur 
For the amateur who demands top performance 
in a multiband Yagi beam fhere's the 
incomparable ATB-34 three-band beam for 
broadband, high-gain coverage on 10. 15 and 
20 meters. 

And for the Amateur with limited antenna space 
and budget who wants reliable, multiband 
radio communications there are three Cushcraft 
multiband verticals to choose from; the three- 
band ATV-3 for 10. 15 and 20. the four-band 
ATV-4 for 10.15. 20 and 40 meters, and the ATV-5 
for low VSWR five-band performance from 80 
through 10 meters 
Cushcraft high-frequency antennas are quality 
engineered for top performance, they are often 
imitated, but never duplicated 


ATV-4 foul Bona 




1*11 


CORPORATION 


UPS SHIPPABLE 

In Stock With Dealers World Wide PO Box 4680. Manchester. N H 03108 
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new. CoaxProbe* .new 

Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 



Only ljr I mm 
plus .50 postage 


FINALLY! A RF PROBE that lets you connect 
Into your coax cable tor frequency 
measurements and modulation waveform 
checks directly from the transmitter. 

JUST CONNECT THE CoaxProbe* into 
your transmission line and plug the output 
into the frequency counter or oscilloscope 
Insertion loss is less than 2db so you can 
leave it in while you operate 
A NECESSITY IN ANY WELL-ORGANIZED 
HAM SHACK, the CoaxProbe* eliminates 
"jerry-rigging" and hassles when tapping 
Into the coax line is desired 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a wide 
variation of power. Power output of 8 watts 
gives .31 v out. while 800 watts will give 
1.8v out. (rms 3-30 mhz.) 2000 watts PEP 
rating too! 

•Trademark ol CoaxProbe Co lor rl sampling device 
© 19 ?e by CoaxProbe Co 


USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe* has a range 
of 1.8 to 150 mhz. 

MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of prop¬ 
er bandwidth, you can check your modula¬ 
tion for flat-topping, etc. Ideal for adjusting 
the speech processor 

NOW YOU CAN MONITOR SIGNALS when 
connected to the dummy load, eliminating 
unnecessary on-the-air radiation. 
AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try It for 10 days. If not 
satisfied, send it back for refund (minus 
shipping charges). 

Order today from: 

CoaxProbe Co. 

P.O. Box 426, Portage, Ml 49081 

Michigan Res. Add 4% Sales Tax 


NEW 

FROM GLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from S69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St.. Buffalo, N Y. 14206 


MILITARY 

SURPLUS WANTED 

Space buys more and pays more High¬ 
est prices ever on U S Military sur¬ 
plus especially on Collins equipment 
or parts We pay freight Call collect 
now for our high offer 201 440*8707 
SPACE ELECTRONICS CO 
div of Military Electronics Corp 
35 Ruta Court. S Hackensack. N J 07606 


DIPOLE /ANTENNA CONNECTOR 



HVr Qur lHO 1 1 d>|Miir conn*ct»f 
to*. *»<> . »'t tecfctt meMvd mM 
*iH*d plastic body te accept coa« 
Pi 259 plug trarthne D*>prap fca*p« 

■_c>a. <1'» Instruction* inr li.-lcnl 

Gujiantaad At ».iu» naa'a** s>» 14 9$ 
POltpa.d Coni' on iIHUUto't 2/199 


BUDWIG MFG. Co.™*,,. 


9/M, Ran.nil* CA 


TRS 80-1 


Antenna Polar Plot Modeling Program *PPM 
Experiment with multiple driven element antenna 
design on youi computer 
See Field Ettects due to changing 

• Polarization 

• Number ol elements 

• Elements spacing 

• Elements position 

• Transmission lines delay 

• Drive phasing 

*PPM — Program Tape & Instructions $35 00 
714-461-3927 


_ L. D. MAY & CO. __ 

4607 30th STREET 
SAN DIEGO CA 9Z116 


advanced design that has such high- 
quality features as a preamplified 
electret element with tailored re¬ 
sponse and integral modulation con¬ 
trol; a digital, integrated tone- 
generator circuit with 3.5795 MHz 
crystal for stable frequency control; 
and a mixer amplifier with up to 15 dB 
gain for impedance matching and 
audio and tone mixing. 

The attractive Cycolac housing re¬ 
sists abusive treatment. It also fea¬ 
tures shielding to reduce external in¬ 
terference and rf feedback. The T 2 M 
operates from filtered 6 to 16 volt dc 
sources. Included is an eight-foot, 
three-conductor (one shield) cable 
and coiled cord. 

For additional information on the 
new Astatic T 2 M amplified micro¬ 
phone with touch pad encoder, write 
The Astatic Corporation, Conneaut, 
Ohio 44030. 

communications 
equipment catalog 

Harrison Radio is pleased to an¬ 
nounce the availability of the all-new 
1979 Harrison Radio Communications 
catalog. The catalog has 120 pages of 
illustrations, descriptions, specifica¬ 
tions, and prices covering several 
hundred transceivers, antennas, and 
accessories for Amateur Radio, 
marine radio, business-band radio, 
public-service-frequency equipment, 
and CB. 

The catalog is free and available by 
writing to Harrison Catalog, 22 Smith 
Street, Farmingdale, New York 
11735. 

receiver preamplifier 

Telco Products Corporation an¬ 
nounces two new mobile in-line re¬ 
ceiver preamplifiers. Known as Mod¬ 
els VHF 144 and UHF 450, they are 
specifically designed for amateur, 
police, emergency, business-band, 
and Class A CB transceivers. 

These new computer-designed 
preamplifiers boost receiver sensi¬ 
tivity. A unique rf-sniffer circuit al¬ 
lows the preamplifier to sense when 
the transceiver is keyed, and switches 
the preamplifier off during the trans- 
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mit cycle. This feature allows the pre¬ 
amplifier to be connected directly 
into the coax line with no modifica¬ 
tion to the existing mobile system. 

The VHF 144 has 20 dB gain over a 
5-MHz band in the frequency range 
of 140-180 MHz. Model UHF 450 
features 10-12 dB gain over any 1- 
MHz band in the frequency range of 
400 512 MHz. The VHF 144 will safely 
handle transmitter output of 40 
watts, and UHF 450 will work with 
100-watt transmitters. 

Suggested retail price for the VHF 
144 is $49.95; and for the UHF 450 is 
$59.95. For additional information, 
contact Telco Products Corpora¬ 
tion, 44 Sea Cliff Avenue, Glen Cove, 
New York 11542. 

solderless breadboards 

Continental Specialities Corpora¬ 
tion is probably best known for their 
popular line of versatile and easy-to- 
use solderless breadboards. One of 
the best is their Proto-Board model 
203A, which is actually more than a 
solderless breadboard. In addition to 
offering a very large socket type sol¬ 
derless breadboard array to work on, 
Proto-Board 203A has three separate, 
regulated, power supplies built into 
the box. They offer 5 Vdc at 1 per 
cent regulation and up to 1 amp of 
output current, and ± 15 Vdc (nomi¬ 
nal) supplies, each good for 0.5 amp 
and each independently internally ad¬ 
justable over a 9-18 Vdc range. 

The statistics on the Proto-Board 
203A are impressive. The whole 
package measures only 25 x 17 x 8 
cm (9.8 x 6.6 x 3.3 inches). It fea¬ 
tures 2250 tie points for a 24-DIP (14- 
pin package) capacity. The +5, ±15 
Vdc and ground connections are 
available at four five-way binding 
posts. The power switch and a power 
pilot are adjacent to the power supply 
terminals. 

The PB 203A is designed for 117 
Vac, 60-Hz operation and carries a 
suggested amateur net price of 
$129.95. For further information, 
contact Continental Specialties Cor¬ 
poration, 70 Fulton Terrace, New 
Haven, Connecticut 06509; or phone 
(203)624-3103. 
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Cushcraft precision engineered VHF/UHF Yogi beams 
have become the standard of comparision the world 
over (or SSB and CW operation on 6 meters through 432 
MHz Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability 


'* IV? Motor Vogt 


20 Element (>x Array 


Cushcraft s wido vane»y jf VHt unf 
Beams includes v t antur u u j tor every 
□matouf activity above v MH/ whether 
tocal ragchewir ig »r lung haul over tt*e 
hon/on D* Aft me* lots have oeen 
carefully optimr/eo tor maximum 
forward gam with high front to-Dock 
ratio thehoavy wall blight h 1*0 Jiawn 
aluminum Dooms jiuj MMnont* aie 
combined with heavy formed aluminum 
brackets < jr»d t >'atod mountir iy 
hardware tor Jong opotatir^j uU» and 
survival in severe weather 


Quad Array 

Cushcraft s Quad Arrays for 144. 220 
and 432 MHz use four matched 
11 element Cushcrdtt Yagis end ate 
the ultimate in a high-performance 
Yogi array These arrays have been 
carefully engineered tor maximum 
forward gain high front-to-back ratio 
and brood frequency response All 
antennas provide a low VSWR match 
to 50-ohm coaxial teedlme 


UPS SHIPP ABIE 

In Stock With Dealers World Wide PO Box 4680. Manchester N H 03108 
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Repeater Jammers Running You Ragged? 




Here's a portable direction finder _ 

that REALLY works—on AM. 

FM. pulsed signals and random 
noise! Unique left right DF 
allows you to take accurate (up 
to 2'* and fast bearings, even on 
short bursts Its 3dB antenna 
gain and 06pV typical DF sen 
sitivity allow this crystal 
controlled unit to hear and posi 
tively track a weak signal at very 
long ranges—while the built in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit¬ 
ter. It has no 180 ambiguity 
and the antenna can be rotated 
lor horizontal polarization. 

The DF is battery powered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. It is available in the 140 150 MHz VHF band and/or 
220 230 MHz UHF band. This DF has been successful in locating malicious inter 
ference sources, as well as hidden transmitters in "T hunts”, ELTs. and noise sources 
in RFI situations. 

Price for the single band unit is $195. for the VHF/UHF dual band unit is $235. plus 
crystals Write or call for information and free brochure 




L TRONICS 

5546 Cathedral Oaks Road 
W6GUX (Attention Ham Dept.) 

Santa Barbara, CA 93111 


WD6ESW 


GILFERS 

"BEST SELLER" 
SHORTWAVE 
BOOKS 



16-POLE fSSSSEi 

nil iuij Mt 

R-4C SSBU_i 

Improve the curly »l*ge wrlcetivity of your Drake R 4C wtnll 
adding 8 additional pole* (total 161 with an internally mount 
•d. nwdchable »*l of hrxt IF cryttal tltMfl Reduce QRM. 
leakage, overload Ideal for DX and contett work Overall 
shape factor better than 1 4 Minimum skin selectivity with 
maximum intelligibility Total bandwidth with CF 2 IK/8. 
7100 H/ at 6dB. 7900 Hr at 60 dB Modest variable hand 
width Other handwidths available Filter set can be mounted 
in receiver and relay switched with our kits which start at 
$33 00 3 and 4 filter switching options can include our 

CF 600/6 end'or existing 8kH* first IF filter, all internally 
mounted, controlled from rear or front panel USB and LSB 
CF 2 IK/8 pair is $170 00 per set Money heck it not satis 
tied Add $3 shipping per order $6 oversees air Dealer in¬ 
quiries welcome 

Sherwood Engineering Inc. 

1268 South Ogden St. 

0^i Denver. Colo. 80210 m ■— 
WK (303) 722-2257 mmmm 


QUARTZ CRYSTALS 


'IN A HURRY' 


SINCE 1970 


CRYSTALS AVAILABLE FOR: 

• CB - Synthesizers 

• Amateur-HF, VHF, UHF 

• Industrial 

• Scanner 

• Marine - LB & VHF 

• Conversion Crystals 

• Special Attention to R & D. 

• Micro processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

CALL "BONNIE" FOR 
PRICES & DELIVERY 

VISA Si MASTER CHARGE 
credit cards accepted. 


Si 


CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 
(714)991 1580 


COMPUTERIZED 
GREAT CIRCLE BEARINGS 

$1 #0 Postpaid Worldwide (SZ 00 for Air Maui SI 00 

* Centered on your QTM * Gives return Deannas also 

• 660 Locations listed • Distances monies 6 hm 


* Distances m miles 6 km 


Bill Johnston, N5KR 

1808 Pomona Dr . Las Cruces, New Mexico 88001 


FACSIMILE 


COPY SATELLITE. PHOTOS. 
WEATHER MAPS. PRESS! 

The Fax Are Clear - on our full sue (18* 1/2" wide) 
recorders These commercial-military units now avail 
ahle at surplus prices Learn how to copy with our FREE 
Fax Guide Tel (212) 372-0349 


ATLANTIC SURPLUS SALES 

I 3730 NAUTILUS BROOKLYN. N Y. 11224 


Just Released 1979 Edition 

CONFIDENTIAL FREQUENCY LIST 

Identifies those thousands of HF sta¬ 
tions (SSB, CW. FAX) between 4 and 
26 MHz $6 95 ppd 

Just Released 33rd Edition 
WORLD RADIO TV HANDBOOK 
The bible" of the shortwave listener 
— most comprehensive directory of 
stations plus lasf-minute info on 
skeds. new band allocations, best 
bands due to sunspots $14 95 ppd 
SPECIAL COMBO OFFER: 

Both books only S20 ppd. 

NEW FREE GILFER 
SHORTWAVE CATALOG 

• Receivers • Antennas • Preselectors 

• Tuners • Headphones • Clocks • Cali¬ 
brators • AM. FM & TV Directories • Logs 
and QSL Albums • Report Forms 

GILFER SHORTWAVE 

Dept. HR3. Box 239. Park Ridge. NJ 07656 


ALL BAND TRAP ANTENNAS! 


—<onn>~e— 




PRETUNEO - COMPLETLY ASSEMBLED - V!/ FOR ALL MAKES A MODELS OF AMATEUR 
ONLY ONE NEAT SMALL ANTENNA FOR | TRANSRECEIVERS - TRANSMITTERS - 
UP TO 6 BANDSI EXCELLENT FOR CON- #/J GUARANTEED FOR 2000 WATTS SSB 
GESTED HOUSING AREAS - APARTMENTS IOOO WATTS CW FOR NOVICE AND ALL 

LIGHT - STRONG - ALMOST INVISIBLE I ^ CLASS AMATEURSI 

COMPLETE AS SHOWN wXk 90 ft RGS8U-52 own leadline, and PL259 connector. Inauletora, 30 It 
300 ■>. taat dacron and eupporte, cantar connactor wfth bum In lloltnlng arraatar and atatlc dltcherge - 
moldad. aaalad. weatherproof. raaonant trapa 1“X6''-you )uat ewRch to band daalrad for oacollont worldwide 
operation - tranamRUng and reclevlngt WT LESS THAN 5 LBS 

160-80-40-20-15-10 banda 2 trap—149 ft vrlth 90 ft. RGSBU - connactor - ModalTT7BU .15495 
60-40-20-15-10 banda 2 trap — 102 ft. with 90 ft. RGSBU - connactor - Model 99BBU $49 95 
40-20-16-10 band. 2 trap —54ft. wRh 90 ft. RGSBU coax - connactor - Modal lOOIBU . $48.95 

20-t6-10 banda 2 trap— 26 ft. yvRh 90 ft. RG58U coax - connactor - Model 1007BU .... $47.95 
SEND FULL PRICE FOR POST PAIO INSURED PEL. IN USA. (Canada la $5.00 axtra for pottage - 
clerical - cuitome • ate.) or order ualng VISA Bank Amerlcard - MASTER CHARGE - AMER EX¬ 
PRESS Give number and ex date Pn 1-308-238-5333 9AM - 6PM weak deye Wa .hip In 2-3 deye 
PRICES MAY INCREASE SO - ORDER NOW AND SAVEI All antennae guaranteed for t yaar. Money 
back trial I Made In USA . FREE INFO AVAILABLE ONLY FROM 

WESTERN ELECTRONICS Oept AR- 3 Kearney, Nabraaea. 68847 












CALL TOLL FREE 

1 - 800 - 228-4097 

Communications Center 

443 N 48th Street 

Lincoln, Nebraska 6 8504 

In Nebraska Call (402)466-8402 

1 - 800 - 634-6227 

Communications Center 
West 

1072 N. Rancho Drive 

Las Vegas, Nevada 891 06 

In Nevada Call (702)647-3114 


Antenna Sale! 


TH6-DXX 

TH3-MK3 

Hy-Quad 

TH3-Jr. 

18 HT 
14AVQ/WB 
18AVT/WB 
205 BA 
203 
205 
208 
214 

Classic 33 
Classic 36 
TA 33 
TA-36 
TA-33 Jr. 
TA-40KR 


HY-GAIN 

Regular 

Special 

Super Thunderbird 

$296.95 

$ 209.95 

3ele. 10, 15, 20 Mtr. beam 

219.95 

179.95 

2 ele. Quad 10, 15, 20 Mtr. 

229.95 

199.95 

3 ele. 10, 15, 20 Mtr. beam 

144.50 

129.95 

Hy-Tower 10-80 Mtr. Vertical 

299.95 

259.95 

10-40 Mtr. Trap Vertical 

67.00 

57.00 

10-80 Mtr. Trap Vertical 

97.00 

84.95 

5 ele. "Long John" 20 mtr.beam 289.95 

249.95 


3 ele. 2 Mtr. beam 14.95 

5 ele. 2 Mtr. beam 16.95 

8 ele. 2 Mtr. beam 24.95 

14 ele. 2 Mtr. beam 31.95 

MOSLEY 

3 ele. 10, 15, 20 Mtr. beam 304.75 219.95 

6 ele. 10, 15, 20 Mtr. beam 392.75 289.95 

3 ele. 10, 15, 20 Mtr. beam 264.00 199.95 

6 ele. 10, 15, 20 Mtr. beam 392.75 289.95 

3 ele. 10, 15, 20 Mtr. beam 197.00 149.95 

40 Mtr. addon 119.50 89.95 


18HT 


master charg^ 


CUSHCRAFT 

ATB-34 4 ele. 10, 15, 20 Mtr. beam 259.95 209.95 

ARX-2 2 Mtr. Ringo Ranger 36.95 32.95 

A147-20T 2 Mtr. Twist 59.95 52.95 

A144-10T 10 ele. Twist 2 Mtr. 39.95 32.95 

A144-20T 20 ele. Twist 2 Mtr. 59.95 52.95 

A147-11 1 lele. 146-148 MH2 34.95 30.95 

A147-22 Power Pack 22 ele.146-148 MH2 99.95 88.95 

A432-20T - 430 436 MH2 20 ele. TWIST 54.95 49.95 

ATV-4 10,15,20,40 MTR Vertical 89.95 79.95 

ATV-5 10,15,20,40 MTR Vertical 109.95 94 95 

HUSTLER 

4BTV 10-40 Mtr. Trap Vertical 99.95 82.95 

RM-75 75 Meter Resonator 16.95 14.50 

RM-75s 75 Meter Super Resonator 31.95 27.50 

G6-144-A 6db. 2 Mtr. Base Colinear 79.95 64.95 

G6-144B 7 db. 2 Mtr. Base Colinear 119,95 99.95 

WILSON 

System One 5 ele. 10, 15, 20 Mtr. beam 274.95 239.95 

System Two 4 ele. 10, 15, 20 Mtr. beam 219.95 189.95 

System Three 3 ele. 10,15,20 MTR beam 179.95 159.95 

WV-1 Vertical 10-40 MTR Vertical 79.95 69.95 

COE ROTORS 

Ham III $125.00 T2X Tail Twister $225.00 





CUSHCRAFT 

ATB-34 


RINGO 

RANGER 


4BTV 


Wecarryall major brandsof ham radios 
AT DISCOUNT PRICES 

Yaesu — Kenwood — Drake — ICOM— Dentron — 
Ten-Tec— Swan — Tempo — Midland — E.T.O. — Wilson 


! BankAmericard : 


More Details? CHECK-OFF Page 118 






# £ K.V.G. 


CRYSTAL FILTERS and DISCRIMINATORS 


10.7 MHz FILTERS. 8 POLE 


XF107-A 

14kHz 

NBFM 

XF107-B 

16kHz 

NBFM 

XF107-C 

32kHz 

WBFM 

XF107-D 

38kHz 

WBFM 

XF107-E 

42kHz 

WBFM 

10.7 MHz FILTERS. 

XM 107-SO4 

4 POLE 

14kHz 

NBFM 


*51.55 
$51 55 
*51 55 
*51 55 
*51 55 


*23 05 


OSCILLATOR CRYSTALS, 1 kHz lo 200 MHz available. Write 
tor Data Sheet and prices 


SOCKET (tor XM107SO4) type DG1 

10.7 MHz DISCRIMINATORS 

XD107*01 30kHz NBFM 

XD107-02 50kHz WBFM 

V.xirort I ru/ti iriet hint til 
Shipping $1.50 per filter 


*1 50 


*27 80 
*27 80 


432 MHz SSB TRANSVERTERS 


Uve your HF Transceiver on the 432 MHz band with the addition of the 
MMt432 linear Transporter. The MMt432 operates on all modes; SSB, CW, 
AM. FM It contains BOTH the linear transmit up-converter and the re¬ 
ceive down-converter. An internal PIN diode T/R connects to your Trans¬ 
ceiver T/R line The MMt432 is FT101 and similar HF rig compatible Add 
the 70/MBM48 MULTIBEAM and operate direct into OSCARS 7 & 8 
Write for application note. 


Specifications: 
Output Power 
Drive, 10 Meters 
Receiver N F. 
Receiver gain 
Prime PoAer 
Shipping: S3.50 
MMt432-28S 
MM1432-50 
MMI438-ATV 
MMI432 144 


10 W PEP 
Vi W max 
3 0 dB typ 
30 dB typ 
12 V D C. 



$290.00 

$299.00 

$310.00 

$340.00 


MMt 144-28 
Also Available: 
FMt440 146 
QMI4 32-144 


$230.00 


$175.00 

$175.00 


OSCAR-J FILTERS 


v. Suppress 2m Tx Third Harmonics. Low 2m loss 
^ (0.5 dB typ.). High loss at 435 MHz (30/40dB). 

MMf200-5 30 dB min. atten. $29.95 

MMf200-7 40 dB min. atten. 


RECEIVE CONVERTERS 



MODELS FOR ALL BANDS 50 MHz 
THRU 1296 MHz. LOW NOISE OP¬ 
TIONS AT 432 MHz. 


STANDARD I F. 10M. 
POWER 12V D C. 


.F. OPTIONS 6M & 2M AVAILABLE 

Shipping $2.50 


MMc50 
MMc 144 
MMc220 
MMc432 
MM C 432-S 
MMc4 38/ATV 
MMc 1296 


N. F. 2.5 db typ. 
N. F. 2.8 db typ. 
N F. 3.0 dB typ. 
N F 3.8 dB typ 
N F. 3.0 dB typ. 
Ch2 or Ch3 IF 
N F. 8.5 dB typ. 


Send 30<* (2 stamps) for full details of KVG crystal products and all 
your VHF & UHF equipment requirements 
Pre-Selector Filters Amplifiers 

Varactor Triplers Crystal Filters 

Decade Pre-Scalers Frequency Meters 

Antennas Oscillator Crystals 


SSB Transverters 
FM Transverters 
VHF Converters 
UHF Converters 



Spectrum 
International, Inc. 
Post Office Box 1084 


Concord, Mass. 01742, USA 



GREGORY ELECTRONICS 

The FM Used 
Equipment People . 


Save 

*20 


Motorola Motrac 

U43HHT-1100E, 12 volts, 150-170 MHz. 40 
watts, Single Frequency, Fully Narrow 
Band, with accessories. 

NOW 

X $ 258 . 


GREGORY ELECTRONICS CORP. 


245 Rl. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 


WHERE ELSE 
BUT DAVIS? 


600.1 OR 03 


600MHz Mini Counter 
at s 149 9s ! 


All Davis Frequency Counters deliver highest quality at 
low cost. But Series 7200 plug in or battery-powered 
Mini Counters are truly minimal cost, general purpose 
instruments that sacrifice no basic performance char¬ 
acteristics. No other counter offers such superior fea¬ 
tures at Mini Counters' prices. One year warranty on 
assembled units, 90-day on kit components. 

2 MODELS: Kit *149 95 Assembled *199 95 

• All Metal Cabinet • 115 V or 12 V operation 

• 8 Digit 4 LED Display • Selectable Gate Times 1 & 1 sec 

• Crystal Time Base (1 ppm after cal ) 

OPTIONS: Portable w Ni-Cad Battery (Built-in Charger) $39 95 

Crystal Oven (I ppm 10 to 500 $39 95 Handle $5.00 
Order direct from factory. Add $3 00 for shipping. $1 00 extra 
for COD . and 7% sales tax m N Y State Payment by certified 
check, money order. Master Charge. VISA Credit rated company 
P O accepted Money back guarantee if returned in good con 
dition in 10 days Kits returnable only unassembled 
For more information, request FREE DESCRIPTIVF LITFRATURE. 
or for in depth preview, send $3 00 for 32 page INSTRUCTION 
MANUAL Detailed, illustrated Credited against purchase of 
either unit 


m 1*1 (II fl @ DISTRIBUTOR INQUIRIES INVITED 

UJ LiJftJLJS Affordable quality is the Davis difference. 

DAVIS ELECTRONICS 

636 Sheridan Drive. Tonawanda. N Y 14150 • 716/874-5848 
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RATES Non-commercial ads 10c per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


VERY in-ter-est-ing! Next 3 issues $1. ‘‘The Ham Trader", 
Sycamore, IL 60178. 

2FM — HR-212: 24 watts. 12 sets crystals. Microphone. 
Factory Service Manual. Excellent condition. $125, 
delivered. TR-2200A. Batteries, Charger. Microphone. 
Case. 11 sets crystals. Manual. Mint condition. $150, 
delivered. 2.5/20 watt M-Tech Amplifier, $27.50, 
delivered. W8QX, 467 Park, Birmingham, Michigan 
48009. 


SOLAR CELLS 4 inches diameter 2 amps .4 volts $6.75 
each or 10 for $65.00 plus shipping. WB0DFS, 1742 Dowd 
Drive, St. Louis, Missouri 63136, (314) 522-6667. 


CARTRIVISION Video recorders, parts, accessories and 
service (408) 224-0606. 


FREE CATALOGS: P.C. Boards from artwork or 
magazine. 30c a sq. in. Also artwork, drills, parts and 
kits. Hauck Electronics, 1928 Fairacres Avenue, Pitts¬ 
burgh, PA 15216. ____ 

WANTED: Any of the following items of military surplus 
communications equipment: AN/ARC-51BX, R- 
761/ARC-58, T-730/ARC-58, or Wilcox 807 A/B. Will con¬ 
sider non-working units in repairable condition. Geoffrey 
W. Jones PSC 3, Box 6, APO NY 09692. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 


WANTED: Chassis for ‘Broadcast Quality Television 
Camera' (Ham Radio, January 1978) with same specifica¬ 
tions as shown in mechanical drawings for article. Will 
pay for professional-type job. SSGT Larry L. Garrison, 
PSC Box 2713. APO New York 09123. 


HAM STATION EQUIPMENT plus test equipment. Send 
SASE to Len, W1ZTL, 22 Abbott Rd., Waltham, MA 02154. 


SST ANTENNA TUNERS — your best buy. SST Elec¬ 
tronics, Box 1, Lawndale, CA 90260 


ROHN TOWERS — Buy wholesale from World Wide 
distributor 25G sections $35.97 each — 45G sections 
$54.89 each. 100 foot tower kit $628.22. 48 foot fold over 
tower $515.50, freight paid — 40 foot free standing BX 
$171.97 — Hill Radio, 2503 G.E. Road, Bloomington, IL 
61701,(309)663-2141. 


SOLAR PANELS. Amateur group has limited number of 
very high quality panels for sale or trade for 220 rptr or 
rigs. Perfect for solar rptr. For info send SASE to Don, 
110 Amigo Rd., Danville, CA 94526. 


QSL CARDS 500/$ 10. 400 illustrations, sample. Bowman 
Printing. Dept. HR, 743 Harvard, St. Louis, MO 63130. 


EMC/RFI, Quick-Look analysis, low cost, military and 
commercial specifications. EMC Comp-U-Scan, Box 
861-A, Valley Forge, PA 19481. 

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 

Parts, equipment, stereo, industrial, educational. Amaz¬ 
ing values! Fascinating items unavailable in stores or 
catalogs anywhere Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. 


FOR SALE: One G.E. Master Pro in outdoor cabinet with 
duplexer. B. M. Ellison, III, 222 Brambiewood, Summer¬ 
ville, SC 29483. 


CANADIANS: 1,000,000 surplus electronic parts. Hun¬ 
dreds of fantastic bargains! Good deals on Yaesu & 
Icom. Free catalog. ETCO-HR, 183G Hymus Blvd., Pointe 
Claire, Quebec H9R 1E9. 


FOR SALE Excellent Clegg FM-28 synthesized 2 meter 
FM transceiver 25 watts output and Clegg 12 amp 
regulated power supply $300. Excellent Ameco 
preamplifier Model PT-2 for 1.8 to 54 MHz $45. Shipping 
paid; offers considered. George Konnick Apt. C-5, 1750 
West Main Street, Riverhead, New York 11901. (516) 
727-6294. 


MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 93862. 


Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Radio Holland 

MRL Ectronics 

Post bus 88 

NL-2204 Delft 

Holland 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 

B-9218 Gent 

Belgium 

Ham Radio Italy 

STE, Via Maniago 15 

1-201 34 Milano 

Italy 

Ham Radio Canada 

Box 114, Goderich 

Ontario, Canada N7A 3Y5 

Ham Radio Europe 

Box 444 

S-194 04 Upplands Vasby 
Sweden 

Ham Radio Switzerland 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Ra<ho France 

Christiane Michel 

F-89117 Parly 

France 

Ham Radio UK 

P.O. Box 63, Harrow 
Middlesex HA3 6HS, 

England 

Ham Radio Germany 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Holland Radio 
l43Greenway 

Greenside, Johannesburg 
Republic of South Africa 


EZ deals are the best! Try me and see for Yaesu, Drake, 
KLM, Swan, Cushcraft, DenTron, VHF Eng., ICOM, CDE, 
Hustler, Wilson and more. Call, see or write W0EZ, Bob 
Smith Electronics, RFD 3, Hwy 169 & 7, Fort Dodge, IA 
50501.(515) 576-3886. 


RTTY PARTS AND MACHINES: Model 28RO's, KSR's, 
ASR’s, typing reperfs, TD’s. Gears — all machines. 
Underdome reperf for 28ASR, single-speed, $285.00 PP. 
Auto CR-LF non-overline kit for M28, $12.75 PP. M28 
stand-alone TD, single-speed, $170.00 PP. Model 15 
covers, gears, etc. 14TD, $50.00 PP. M14 keyboard typing 
reperf, $95.00 PP. Much more. Send SASE for complete 
list machines and parts. Lawrence R. Pfleger, K9WJB, 
1715 E. McPherson St., Kirksville, MO 63501. 


RM-300 RTTY Modem, the complete TU and AFSK 
generator on one board. This modem featured Sept 78 
Ham Radio. Complete documentation $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com¬ 
plete RM-300 or RP-400 kit less PROM $71.25. PROM pro¬ 
grammed with your call $7.00. WA6DNR Eclipse Commu¬ 
nications, 5 Westwood Drive, San Rafael, CA 94901. 


FREQUENCY ALLOCATION CHART. See how the entire 
radio spectrum is used. 2 kHz to 200 GHz. Send $3.00. 
Collins Chart Co., Box 935, Coronado, CA92118. 


MANUALS for most ham gear made 1937/1970. Send 
only 25c coin for list of manuals, postpaid. HI, Inc., Box 
H864, Council Bluffs, Iowa51501. 

FERRJTE BEADS: w/specification and application sheet - 
12/$1.00. Assorted PC pots - 10/S1.00. Miniature mica 
trimmers, 3-40 pF. - 5/$1.00. Postpaid. Includes latest 
catalog. Stamp for catalog alone. CPO Surplus, Box 189, 
Braintree, MA 02184. 


MOBILE HF ANTENNA, 3.5 - 30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat¬ 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each — contact 
your local dealer or order from Anteck, Inc., Box 543, 
Jerome, Idaho 83338. (208) 324-3400. Master Charge and 
VISA cards accepted. Dealer inquiries invited. 


14 Pin DIP extender cable. 


36" long with MOLDED 
plug each end. Highest 
quality $2.00 ea. 





6 tor $10.00 



Molded bridge rectifier. 100 
volt PIV @ 2 amps. 45c ea. or 
5 for $2.00 ppd. 


Photocell — first quality plastic (@\ 
encapsulated. Dark resistance TA 
100 megohm; Lite resistance 150 \\ 

ohms. 20c ea. 6 for $1.00 ppd. \' 


Single RCA type jack. High 
quality factory new. 15c ea. 

8 for $1.00 


7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 high. Real nice. 

75c each 


Jumbo LEDs. .2 inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 




4PDT Relay. 12 VDC coil, Potter r 
Brumfield, 5 amp contacts, fac- 
tory new of course, a beauty. Also jR* 
available with 24 VDC coil. 

$1.90 ea. ppd. 


Vertical Mount Trimmer Pots 
— All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K-250K-500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1.00 ppd. 



Highest Quality E. F. John¬ 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 

90c each; 10 for $7.50 ppd. 


f \ SUPER-BUY - 5000 mfd. @ 
ju 40 volt electrolytic cap. factory 
,j7v) new and complete w/all hard- 
> ware. $1.35 ea. ppd. 


1000 volt PIV 2 amp diodes .10 ea. 


88 mHy unpotted toroids 5 for $3.50 


S0239 Coax Fittings.50c ea. 

PL259 Coax Fittings.50c ea. 


Transformer: 115V AC Primary, Secon¬ 
dary 17-0- 17V @ 7 Amps. We tested 
and find good tor 10 Amps intermittent 
duty, ideal for 2M rigs! $8.00 ea. ppd. 



ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 
PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 



ullElectronics 


12690 ROUTE 30 
NORTH HUNTINGDON, PA. 15642 


More Details? CHECK-OFF Page 118 
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The Popular 
CUA 64-12 
by Heights 

Light, 

permanently 

beautiful 

ALUMINUM 

towers 

THE MOST IMPORTANT 

FEATURE OF 

YOUR ANTENNA 

IS PUTTING 

IT UP WHERE 

IT CAN DO 

WHAT YOU EXPECT. 

RELIABLE OX — 

SIGNALS EARLIEST IN 
AND LAST OUT. 

ALUMINUM 

Complete Telescoping 
and Fold-Over 
Series Available 
Self-Supporting 
Easy to Assemble 
and Erect 
All towers mounted 
on hinged bases 

And now, with motorized options, you 
can crank it up or down, or fold it 
over, from the operating position in 
the house 

Write for 12 page brochure giving doz¬ 
ens of combinations of height, weight 
and wind load. 

Please include 30c (stamps or coins) 
for postage and handling when re¬ 
questing our free literature. 

ALSO TOWERS FOR WINDMILLS 

HEIGHTS 

MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont, Michigan 48003 


MICROWAVE TECHNICIANS: Donrey Media Group in 
Las Vegas and Reno seeks qualified microwave service 
technicians for Lenkurt 75/76 systems on 7 kmc. Send 
resume & salary requirements or call. E Doren. Director/ 
Engineering. Donrey Media Group. PO Bo* 70. Las 
Vegas. Nevada 89101 Phone (702) 385 4241, Ext 258 
Equal Opportunity Employer 

TELETYPE EQUIPMENT lor beginners and experienced 
operators RTTY machines, parts, supplies Beginner s 
special Model 15 Printer and demodulator S139.00. 
Dozen black ribbons S6.50. case 40 rolls 11/16 pert tape 
117.50 FOB Allantic Surplus Sales. 3730 Nautilus Ave. 
Brooklyn. N Y. 11224 Tel (212)372-0349 


RTTY - Bandpass active inter 2125/2295 Hz Kit $i i 95. 
W/T$l6 95ppd SASE for info Nat Stinnette Electronics. 
Tavares. FL 32778 

440-MHz — Regency HR 440 like new $220 00. SBE 450 
very clean $140 00 trade/sell listing 70 items test equip 
ment. FM. Ham misc. write K6KZT. 2255 Alexander. Los 
Osos. CA 93402 

MOTOROLA low band Mocom 70 29 6 MHz. no accesso¬ 
ries $275 Motorola low band PT300 5W portable 52 525 
MHz with charger $300. Motorola SSR 2 solid state 30W 
repeater 146.28/146 88 MHz $600 Homebrew ACCU- 
MEMORY keyer with paddle $125 Basket Case HT200 
VHF $50 Eric Meth. VE2AS. 6716 Sherbrooke W . Apt 
201. Montreal. Oue H4B 1P2. (514) 482 4668 

TEKTRONIX 310A oscilloscope, mint condition, 
calibrated. $175 00 or trade (or test equipment, commer 
cial FM VHF, Ham gear H Beene. W52SL. PO Box 
5702. Santa Fe NM 87502. (505) 471-5458 

THE MEASUREMENT SHOP has used/reconditioned 
test equipment at sensible prices, catalog 2 West 22nd 
St Baltimore. MD 21218 

HAMS requesting our famous "SHOOT THE BULL 1 QSL 
Card, send yours & SASE K4NBN. Box 23413. Jackson¬ 
ville. FL 32217 _ 

CLUB CALL PINS 3 lines 1 v» x 3’* $1 55 each Call, first 
name and club Colors — black, blue or red with white 
letters (Catalog) Arnold Linzner. 2041 Linden Street. 
Ridgewood. N Y 11227 

SELL — Boonton 202D Signal Generator. Recondi¬ 
tioned. $50 plus transp. W6LGQ. 34 Laurel Ave . 
Petaluma. CA 94952 

AUTHORIZED DISTRIBUTOR F9FT Antennas. Micro 
wave Modules. RIW Products' new tandem reflector. 19 
element. 432 MHz Yagi — Radio Clinic — N2MB (former 
ly WA2BIT) 212 327 4952 

FOR SALE 75S-3B. 32 S3. 516F-2. Manuals & Cables 
Excellent condition. $1375 Extra 75S-3B $550 S J 
Huber W7NOI. 318 Steven Ct.. Benicia, CA 94510 (707) 
745 8089 

TUNGSTEN CARBIDE CIRCUIT BOARD DRILLS 12 

assorted sizes for $3 95 ppd. L R Design. Box 41. 
McMinnville OR 97128 

SWAN 250. TV 2, 14-117 power supply, bandswitching 
manuals, mike. 250 Watts input on both 6 and 2 meters 
$375 00 Fred Clinger. 640 Grove Avenue. Gallon. Ohio 
44833. WA8KJJ 

PORTA PAK — Make your FM mobile a self contained 
portable Models in stock for most popular makes. 4.5 
amp hr model $67 50 9 amp hr $88 00 Charger included, 
shipping extra P O Box 67. Somers. Wl 53171 

TEST EQUIPMENT CATALOG listing used Tektronix. HP 
and GR equipment at bargain prices PTI. Box 8699. 
White Bear Lake MN 55110 Price $1.00 refundable with 
first order 

WANTED: 150 MC HT RCA. Comco. Repco type with 
plug in modules. 7735 Tv camera tube. 2 meter cavities. 
K6KZT. 2255 Alexander. Los Osos. CA 93402 

WANTED — Radio transcription discs Any size or 
speed Larry. W7FIZ. Box 724. Redmond. Washington 
98052 

DESK TOP CONSOLES ultimate operating convenience 
Free brochure Thompson Electronics, P.O. Box 363. 
Westfield. IN 46074 

BUY SELL TRADE: Send $1 00 for catalog. Give name, 
address and can letters Complete stock of major brands 
new and reconditioned amateur radio equipment Cell 
for besi deals We buy Collins. Drake. Swan, etc 
Associated Radio. 8012 Conser. Overland Park KS 66204 
(913)381-5900 

TECH MANUALS lor Govt surplus gear - $6 50 each 
SP-600JX. URM 25D. OS 8A/U. TS- 173/UR Thousands 
more available Send 50« (coin) lor 22 page list. W3IHD. 
7218 Roanne Dove. Washington. DC 20021 


MILO ASSOCIATES 

HO\ '• • IMIIWM'OIIS INDIANA 4ri.*1V. 
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HAMS SERVING HAMS 

m 


COAXIAL CONNECTORS 


PL259 * a 10/$S S40/C 

.S0219i» 10/$5 540/r 

UCSJ'ft (*N/UHF)$4.50 

V 



nr* 

U0146U (UMF/N) $4.50 
PL258 Barrel $1.25 
PL259PO Push-on $1.50 
UO1094 HNC F SI.00 

a* 


UC86 BNC M 51.25 

*i sn>fn Ail Tvrrs/'f 



■ 

CERAMIC TRIMMERS 

7W77 

SOUND EFFECT tC 

Viv . » an til 1 1. i4*. 
**Y c>a*p |«* hp> 

• t»u limit 1 ,’spm 

winder TM1 LATI.5T* 

13.50 t». 3/110! 

IX p<|t Manual only 

1- 9pf 5.5-lBpf 

J-lOpi 10-b0pf 

4.5>20pf 10-90pl 

MIX/MATCH 1U/S5 

BRIDGES 

ferrite! 

IR •30D04P-NEW! 

400V a 3AMP 

Stock up VOW 
$1 ««. 6/55 

RODS S IV 

$1 M. 6/$5 

BEADS 12/$1 

fentfrd iupplt/ 

ELECTR0LYTIC # S 

M-P TEST EQUIPMENT 


200CD Oac. $751 

2I1B - NEW! $375 

40011 $110 

415H MM! $175 

425A $125 

34701A $75 

FACTORY HUSH KA1HAL5’ 

I Ml it 0 ZSv X/51 no 

1*10 ■ .’Sy *• / 51 OO 

3200 a lev l/SI.on 


ITS EASY TO ORDER! 

ll»r Viu, Hatter Charge; Check, H O. ; C-O.D I 
Telephone order* wrlftw 

At tow tm •hipping - excess quickly ftundrd 
Minimum order of 00 pletirl 
Indiana resident* add AX tax 
Prim good through cover aonth 



Don't be absurd, buy a BIRD! 
. . . from your Bird distributor 


MODEL 

43 



$125 


ALL ITEMS AND ELEMENTS 
ORDINARILY IN STOCK 


Prepaid Shipment in Continental USA Only 


MADISON 

ELECTRONICS SUPPLY. INC. 

isos McKinney Houston. Texas 77002 

713/658 0268 Nltes 713/497-5683 



Identify 


The time has come for all amateur* to unite on sight 
We must know each other as do other fratrmal 
organization* The ability to recognize each other on 
any occasion it a true mark of fraternal brotherhood 
Croup HI. (WB21CK. KB2DX and KB2DZ designed 
this 10 karat gold nng to portray our great and proud 
fraternity Th» exquisite nng is made exclusively lor 
you by fosten s (world tarnnus for their quality achieve¬ 
ment rings' with your call letters prominently displayed 
For detailed information and reusable ring sizer Write 

X jMk. Group 111 Sates Co 

W Dept 35 V O Box 25V 

V-OAkgxnon Little Neck NY 113o2 
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QTY. 

1N914 

DIODES/ZENERS 

10Ov 10mA 

.05 

1N40O5 

600v 1A 

.08 


LINEARS, REGULATORS, etc. 


QTY. 

LM380 (8-14 Pin) 1.19 


LM709 (8-14 Pin) .35 



Z 80 A 
Z 80 

PIO 

2102 

2102L 


CUSTOMER NAME. 


STREET ADDRESS . 


TMS 4044 9.95 


INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemont Mesa Blvd., San Diego, California 92111 
24 Hour Toll Free Phone 1-800-854-2211 
(714) 278-4394 California Residents 1 800-542-6239 
CABLE ADDRESS ICUSD 


74S112 

.60 

.74S114 

.65 

74S133 

.40 

743140 

.55 

74S151 

.30 

74S153 

.35 

74S157 

.75 

74S158 

.30 

74S194 

1.05 

f 74S257 ( 8123 ) 1.05 

] 8131 

2.75 1 


-CHARGE CARD 


AE visa 
BA MC _ 


EXP. DATE 


WILL CALL. 


NET 10th OF THE MONTH. 


ALL ORDERS SHIPPED PREPAID - NO MINIMUM - COD ORDERS ACCEPTED - ALL ORDERS SHIPPED SAME DAY 
OPEN ACCOUNTS INVITED - California Residents add 6% Sales Tax. PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

We accept American Express / Visa / BankAmericard / Master Charge 


SPECIAL DISCOUNTS 

Total Order Deduct 

^35 $99 10% 

$100-S300 15% 

$301 $1000 20% 





































































































































Antenna 

Designers 

Is your career on the 
beam? At Cushcraft it could 
be. We are looking for 
good engineers who would 
like to use their expertise to 
create the best 
communications antennas 
in the world. 
IVe are involved in the 
full spectrum of antennas 
from 3 to 1000 it Hz. From 
multiband to single 
frequency we manufacture 
antennas for commercial, 
government and amateur 
applications. 
We have engineering 
openings for EE's with 
experience in antenna 
design and production 
engineering. Cushcraft 
needs productive self¬ 
starters who can carry a 
design from concept 
through production, who 
can supervise their 
assistants, and who can 
separate their hobby from 
their professional activities. 

We have advanced 
design lab and test 
facilities, challenging and 
interesting assignments, 
and an excellent working 
atmosphere. 

IVe are located in 
southern New Hampshire 
which offers suburban 
conveniences and close 
proximity to the rural 
White Xlountains and 
Metropolitan Boston. 
Sound interesting? Send 
your resume along with 
salary requirements to: 

Glen Whitehouse 

cushcraft 

CORPORATION 

The Antenna Company 

P.O. Box 4680, 48 Perimeter Hoad 
Manchester, N. H. 03108 
603-627-7877 

An h.tpial Up/Mirtunity Employer 


BE GOOD TO YOURSELF through R UN Reward 
yourself with a new accessory or antenna or a new band 
or a second rig or new first-string replacement rig 
Here s R UN's partial reward yourself list Accessory 
keyer ( ), tuner ( ), amp ( ). other ( ), Antenna mobile ( ). 
fixed vertical ( ). tower ( ). other ( ). A second rig mobile 
( ). GRP ( ). hernia special ( ). A new band 2 meters ( ). 
higher ( ). to duh moon ( ). Solid state HF for your ARS 
( ) We can help you select from top amateur equipment 
brands And win even mail along a "Thank You" card 
from U to U (Or anyone else ) Don t |ust leave to North 
Pole Nick (or the Bunny) again R UN in or jingle the 
telephone bells now to Radios UNIimited, 1760 Easton 
Avenue. P O Box 347. Somerset. New Jersey 08873 
(201)469 4599 

STAR TRONICS monthly picture flyer is full of parts and 
pieces for the builder Cheap Quality U S. only Star 
Tronics. Box 683. McMinnville. OR 97128 

MICROWAVE low noise TWT preamplifiers for 
satellite/amateur bands. 2 0-4 0 GHz passband. 26-30 dB 
gain. 110 volt 60 Hz power. TNC connectors, used units 
tested okay but sold as-is. 5200 plus 54 shipping M 
Mursec. 5511 West Jerelyn. Milwaukee W! 53219 

STOP LOOKING for a good deal on amateur radio equip 
ment — you've found it here — at your amateur radio 
headquarters in the heart of the Midwest Wo may not 
have a toll free number but we ll save you more in the 
long run' We are factory-authorized dealers for Ken 
wood. Drake, raesu. Collins. Wilson. Ten-Tec. Atlas. 
ICOM. DenTron. MFJ Tempo. Regency. Hy Gain. 
Mosley. Alpha. CushCraft. Swan, and many more Write 
or call us today for low quote and try our personal and 
friendly Hoosier service HOOSIER ELECTRONICS. PO 
Box 2001. Terre Haute. Indiana 47802 (812)238-1456 


Coming Events 

RADIO EXPO "79 September 15th and 16th 1979 Lake 
County Fair Grounds. Routes 120 and 45. Grays Lake. 
Illinois Manufacturers displays flea market, seminars, 
ladies programs. Advance tickets 52 00 Write EXPO. 
PO Box 305 Maywood. IL 60153 Exhibitors inquiries 
EXPO Hotline (312) 345 2525 

MASSACHUSETTS: Unversity of Lowell Wireless Soci 
ety 5th annual ham radio auction. Friday. March 16 
Doors open 5 pm. auction starts 6 pm. talk-tn on 52. cof 
fee. donuts Directions from Route 495 take exit 26 
(Route 38) north two miles to route 110 west two miles 
right on University Avenue 

ROCHESTER Hamfest 6 NY State ARRL Convention. 
May 2S27 Add your name to mailing list Send OSL to 
Rochester Hamfest. Box 1388. Rochester. NY 14603 
Phone (716) 424 1100 

MINNESOTA Rochester ARC and the Rochester 
Repeater Society s Hamfest. Saturday. April 7. St John s 
School Gymnasium. 490 W Center St. Rochester Doors 
open 8 30 AM Large indoor flea market, prize raffles 
free parking Talk in on 146 22/82 For info RARC cJo 
KOTS. 2514 N W 4th Ave . Rochester. MN 55901 

MICHIGAN: ARRL Great Lakes Division Convention and 
Hamfest. Muskegon Community College. Muskegon. 
March 30 31 Exhibits, technical forums, large 
swap/shop. dining facilities Friday evening — Ham 
Hospitality" at Muskegon Ramada Inn courtesy of 
MAARC. and a Wouf Hong initiation For info MAARC. 
PO Box 691. Muskegon. Ml 49443 or WA8GVK (616) 
722 1378/9 

OHIO: First Annual Lake County ARA Hamfest April 1. 
8 00 AM to 4.00 PM Lake County Armory. N E corner 
Painesville Fairgrounds Rt 20. Pamesville. (35 miles 
east of Cleveland) All indoors for exhibitors and flea 
market. 1 00 PM auction Reserved tables — full 52 00. 
half 51 00 Admission 52 00 Under 12 tree Talk in on 
52/52 and 147 8121 For info LCARA. PO Box 868 
Painesville. OH 44077 or call (216) 257 4486 

WASHINGTON Pacific Northwest Hamfest. July 14 & 
15. HAM Inc Box 78442. Seattle. WA 98178 

OHIO: Teays Amateur Radio Club Ham Fiesta. March 4 
Pickaway County Fairgrounds colosseum. Circlevilie All 
indoors For info Leonard Campbell. 8951 State Rt 188 , 
Circlevilie. OH 43113 . phone (614) 474^687 

OKLAHOMA Lawton — Ft Sill Amateur Radio Club s 
33rd annual Hamfest March 23, 24, 25, Montego Bay 
Motel. Lawton Flea market. ARRL officials, technical 
meetings , OCWA breakfast Activities for ladies For in¬ 
fo Lawton Ft Sill ARC. PO Box 892. Lawton. OK 73502 

NORTH CAROLINA: Mecklenburg Amateur Radio Socie¬ 
ty's Metrolma Hamfest March 24 25. NC State conven¬ 
tion site. Charlotte For info: Ken Winston. Jr. WA40B0. 
Mecklenburg ARS. 2425 Park Rd Rm 023. Charlotte NC 
28203 



MILITARY SURPLUS 
WANTED 

WE NEED: ARC-51BX. ARC-94. ARC-102. 
ARC-109, ARC-115, ARC-116, ARC-131, 
ARC-134, ARC-164, ARN-82, ARN-83. 
ARN-84. APN-59, APN-153, APN-141. 
APN-147, APN-171, APX-72, 618T, CU- 
1669A, 490T-1, CU-1658A. 51Y-4. 51R-8, 
51RV-1, FM-620. 807A, URC-9. TOP DOLLAR 
PAID OR TRAOE FOR NEW AMATEUR GEAR. 
WRITE OR PHONE BILL SLEP (704) 
524-7519, SLEP ELECTRONICS COMPANY, 
HIGHWAY 441, OTTO, NORTH CAROLINA 
28763. 


SYNTHESIZERS 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 


VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N. Y. 11423 



July 28 thru August 10,1979 


Have trouble finding time to study for 
Upgrading? 

Do it <iu your vacation at the 

OAK HILL ACADEMY 
AMATEUR RADIO SESSION 

20 years nf .successful teaching 

Two weeks of intensive code and theory- 
starting at your level. 

Classes from Novice thru Amateur Extra 

• Expert instructors 

• Friendly surroundings 

• Excellent Accommodations 


C L PFTFRS. K4DNJ. Director 

Oak Hill Academy Amateur Radio Session 

Mouth of Wilson. Virginia 24363 

Name Call. 

Address 

City/State/Zip 
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MADISON 

ELECTRONICS SUPPLY, INC. 

1508-D McKINNEY • HOUSTON, TEXAS 77002 
713/658-0263 Master Charge - VISA 

NEW!fXC/77A/G.' BREAKTHROUGH! 
YAESU FT7B Transceiver 


FT7B 


100W Input, CW Filter 


$675.00 


CALL FOR QUOTES ON: 

YAESU KENWOOD 

FT901 DM TS820S 

FT625 TS520S 

FT225 TR7400A 

ALDA, AMCOMM, ETO ALPHA 
TEMPO VHF ONE PLUS 


Q 5-QRM Enterprises 

SPRING. TEXAS 77373 

The broad band characteristics enable you to 
cover the entire phone band with less than 2:1 VSWR 

A distinctive advantage is the low-noise char¬ 
acteristics ot the antenna, especially effective in 
reducing static noises since the antenna is D C 
Ground design. 

This antenna is constructed of "high-quality'' 
materials and many hours of pleasurable operation 
can be expected. 

73's Mike WB5UZC 

• 75 BBD - S59.95 
• 40 BBD S49.95 


GROUND 


GROUND 


CALL FOR FAST QUOTES 
SPECIAL ORDERS WELCOME 


TERMS All prices FOB Houston Puces suDiect to change Without noiict* 
Ail iferns Guaranteed Some items subject to poor safe Send »ell* f hejd to* 
Amateur dealers puce list Te*as residents add 6 ta» Please add 
postage estimate 

W5GJ W5MB8 K5AAD N5JJ WblMj AG5K W&VVM WD5EDE K52D 
WD5ABR WA5TGU WD56D* WB5AYF KbRC K5BGB WBbUSV 

Have A Nice Day 


MARCH SPECIALS 

I OMNI j & heavy duly magnet mount complete 
I TRIEX W51 FT Self Support Tower iReg $825 00) 
Your Cost (FOB California) 

I Tonna F9FT Antennas t44/16el 
I RIW 432/19el 

KLITZING VHF UHF Amplifiers 
2M I0W In — I00W OUt 
432 10W In - 50 W Out 
BIRD 43 & Slugs UPS Paid 
Microwave Modules 432 28S UPS Paid 
Telrei TB5EM In Slock 
NEW Palomar Engt Transceiver Pteamp 
Bencher Paddles $39.95: Chrome 
ETO 76 Amplifiers 
lunar 6M 2M 220 In Line Preamps 
Lunar ?M Amp 10 80 with Preamp UPS Paid 
I Janel QSA 5 

I CDE HAM 3 St29 00; HAM X 
I VHF Engrs Diue line amps 
I Cetron 572B 
Ampere. 61468 
Motorola HEP 170 
Mallory 2 5A 1000 PIV Epoxy Diode 
Aerovox 1000PF/500V Feed thru 
GE 6146B or 8950 

Technical books AMECO ARRl Sams TAB Rider 
Radio Pub Callbook Cowan many others 
NEW BELDEN 9405 |2<I16| i6**18l 8 wire Rotor Cable 
heavy duty lor long runs 
8448 Std 8 wire Rotor 
9888 double shield RG8 Foam 
8214 RG8 Foam 
8237 RG 8 
8267 RG 213 

Amphonol Silver Plate PL259 
TIMES'r Foam Hardline SO 65/11 Connectors 

BERKTEK RG 8X 52 ohm KW 
Consolidated HD 18 Ga Galv Tower tO Sec 
Robot Slow Scan Now in Slock 
Alliance HD73 Rotor 

Telelower sell support 55 It/w breakover 


$72500 
$79 95 
$59 95 

$198 00 
$198 00 
Slock 
$329 00 
S415.00 
S89 50 
$4995 
Stock 
$49 95 
$198 00 
$41 95 
$249 00 
Stock 
$29 50 
$7 95 
$0 29 ea 
$0 19 ea 
$1 95 
$7 95 


$0 2681 
SO 16/fl 
$0 39/11 
$0 25/11 
$0 21/11 
$0 25/11 
$0 59 
515.00 ea 
SO 16/11 
$29 95 
Can 
$109 95 
$499 00 


THIS MONTH’S SPECIAL 
ICOM IC280 - $385.00 
BELDEN 8000 #14 Ga. Stranded 6«/Ft. 

We cut any length up to 1000 ft. 


7 - - 7 ' The ‘Tonna You’ve 

been 

hearing about 

144/146 MHz SWR 1.2:1 

50 ohms Horiz./Vert. 

length 6.4 m. Wt 4 4 kg. 

Side lobe attenuation — Superb 
Horizontal aperture 2x16°(-3dB) 
Vertical aperture 2x17°(-3dB) 

$79.95 

9 Element 144-146 S39.95 

4 Element 144-146 . S32.95 


Buy our radios and you will never get sialic' I 


MADISON 

ELECTRONICS SUPPLY, INC. 

1508-D MCKINNEY • HOUSTON, TEXAS 77002 
713/656-0268 Master Charge — VISA 

















CONNECTORS 
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5 V. DIP RELAY 

fl' A 




-- _ 


53CJ: 

3SC 


• •• hi -1 

- 14**i ' i . ' 


s' r nir-M 

r.-mui 54.: 


DIODES 

HIGH VOLTAGE 

I r .■*!» «* » . 

*i >«•! v 

t, I OP I V ** »A»Z . 7 * 


Adapter W. PIN IC AOAPTEf*. 

I $..*'» m*C, DV AUGAT. HAS 
m («m( HocND com pins win* 

«a II. I'. SOLUCP CONNECTIONS. 


Ulfi 

fefr 


*.'• M A 

6 -7 ID » 7 . 




SV. 6A. 

Hfiul.lt ed 

tr 

*VAC 




25c 

TN4007 IOC 

.1 OHM 5 UUAT T 
RESISTORS 

% rnn tt.oo 

50 OHM 200 WATT 

•/.SO E*• 


2B |>m|| 
40 pin 


14 pin S.) r - 

| 16 pin . 3> 

24 pin .7S 

40 pm .9S 

50 ohm COAX 



Pwwf.B * MODULE 

JJ MM { O *f IZV • /.* *. CAN 

0 , MOOi* it o !*• HlHCIW 

/l} THt ««O. 

I .M. • t . )A : ( .1 - * 

. i . . I*W - 1 1 • ■ 

* * I | / y /r*4T».l f'ASS tkAHb. 

• « | t n m£ A f SIN*.. **» 



|00 r • H 

t I 4 V At 


sput«T Cru«lc 
c.iif.u?itors 



f#> 


c> <ax 


SO-23*J 6SC 

• INCH 100C* II JO 

t Iv h l Qfc* •■■50 10/56.00 Mix 4 MA">M 

VIJ 30D0 $2 .25 

} • *v \ ii ■ 

v v 

l HH-.CI.E §Wl nil 

2NS r »IIO ( * C MO,!JiT •>** **ANKt 

: ’ASE tr?-72 CASE to- l 17 ”**<« S « ,JT S"*™ 

$2.95 S4.95 Si.00 10/58.00 


>4 

rvo I 


7812 V. REG. 

I/V. I.AMP. 


_ PO BOX 9023 

J O Riviera Beach, Florida 

■■ 33404 

_ L—^—S 

•Fl.i. rn&iilents add 4« iiiilrr; f ix, 

• [ 

.ition il.itc and Miqnatun.* iu card. 

•Add si.rto !nr order uniter S10.00. 
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MARYLAND Greater Baltimore Hamboree Sunday 
April 1.8 00 AM. Calvert Hall College. Goucher Blvd and 
LaSalle Rd Towson (1 mile south of Exit 28. Beltway In 
terstate 695) Food, prizes, giant Ilea market Admission 
S3 00 250 tables inside For into and reservations Bro 
Gerald Maiseed. W3WVC. Calvert Hall College. 8102 
LaSalle Rd Towson, MD 21204 or (301) 825 4266 

ILLINOIS. Libtjrlyville & Mundelein Amateur Radio 
Society's annual Hamfest. March 25. J M Club. 208 
Greenwood Avenue. Waukegan Open 7 AM Tickets 
$2 00 gate Advance. Si 50 Under 10 free Tables S4 00 
each Large indoor flea market. Dozens of prizes in¬ 
cluding Wilson Mark IV Handle Talkie Hot Lunch, free 
parking Talk in 146 94 simplex For info LAMARS. 1226 
Deer Trail Lane. Libertyvtlle. IL 60048 (312) 367 1599 
(Include SASE) 

NEBRASKA: Midway Spring Ham Convention. Saturday. 
Sunday. March 31. April 1 Holiday Inn — Holidome. 
Kearney Over S3.000 in prizes. FCC testing. Ladies Day. 
QCWA meeting. Flying Hams breakfast Code contest, 
flea market, auction, banquet For free brochure Midway 
Spring Ham Convention. 3606 Third Avenue Kearney. 
NE 68847 

TEXAS: Midland Amateur Radio Club's annual Swaplest 
March 18. Midland County Exhibit Building Door prizes 
Talk in on 146 16/146 76 Preregistration S4 50 to 
Midland ARC. Box 4401 Midland. TX 79701 or S5 00 at 
door 

WISCONSIN: Tr, County ARC Hamtest. March 10. Jeffer 
son County Fairgrounds. Jefferson (Formerly at 
Whitewater) Advance tickets St 50. Reserve 6 It tables 
S2 00 advance ©-ft space Si 00 Send SASE to Glenn 
Eisenbrandt WA9VYL. 711 East SI For! Atkinson. W! 
53538 

WISCONSIN Madison Area Repeater Association's 7lh 
annual Swapfest. Sunday. April 8. Dane County Exposi¬ 
tion Center Forum Building. Madison Open 7:00 AM for 
exhibitors and sellers. 6 00 AM public Admission $1 50 
advance. S2.00 door Twelve and under free Tables S3 00 
advance. S3 50 door Flea market, plenty of parking, over 
night camping and hotels within walking distance Door 
prizes All you can eat pancake breakfast and Bar B-Q 
lunch Free movies throughout the day Talk in on 
WR9ABT — 146 l(y 76 For reservations and info MARA 
P 0 Box 3403. Madison. Wl 53704 

FLORIDA: Ninth Annual North Florida Swaplest, Ft 
Walton Beach Fairgrounds March 24 and 25 8 00 AM to 
4 00 PM QCWA MARS, ARES meetings Talk in 52 and 
19/79 For info PARC. Box 873. Fl Walton Beach, FL 
32548 

QSO PARTY — NEW ZEALAND ZL3 Canterbury Chapter 
Of the International 10/10 net From 0000 GMT Saturday 
March 31. 1979 to 1200 GMT Sunday. April 1. 1979 (36 
hours) Contact each station only once, on the ten meter 
band only, exchange call sign. name. QTH. 10X number, 
if any. Canterbury Chapter number (if held) and your own 
local Chapter name and number, it any Awards include 
trophy to highest scorer overall, and a pennant to the 
highest scorer in oach U S . Canadian, Australian 
Japanese and New Zealand call area, to each Central and 
South American country, to each European. Asian and 
African country, and in three Pacific Ocean zones Logs 
must be received no later than May 15, 1979 Please write 
clearly, show name call address and 10X number Send 
logs lo ZL3ME - C J Bramley. 198 Greers Road. 
Christchurch 5. New Zealand 

TEXAS: Luckenbach DXpedition 0800 CDT May 12. 
197910 1200 CDT May 13. 1979. continuous Call W5TEX 
CW 7 110 MHz and 21 110 MHz ( ♦ / - 5 kHz). FM 52 525 
MHz. 29 6 MHz and 146 52 MHz. SSB 3 9. 7 235. 14 285. 
21 360 28 625. 50 110 and 144 200 MHz; I ♦ 5 kHz) 

Luckenbach sds nestled between two small rivers in the 
heart of the Texas hill country Virtually untouched by 
modern civilization, this 1870's cowtown got ils first pay 
telephone only last year Luckenbach s general 
store/saloon/posloffice combination serves as a com 
mumty center and gathering place for citizens to watch 
tor the annual return of the mud dauber — a red hornet 
Don t miss the fun of our DXpedition“ Send all logs 
and inquiries to Bob Schnoider. AI5Q. 7206 Gumtree. 
San Antonio Texas 78238 


Stolen Equipment 

ICOM IC 701. serial number 8000 2786. ICOM matching 
power supply serial number E7802674, Yaesu FT 101. 
serial number 7K291710. plus matching accessories 
Equipment packed in two bags and checked in at Bramtf 
International. Inc . at Miami International Airport on 
January 6. 1979. It is believed lhal the equipment never 
reached the airplane, and probably will be sold locally 
Any information, please advise Miami Police Depart 
ment and/or Tnomas Rocsier, PY2DFR, Caixa Postal 
6742.01 000 Sao Paulo. SP. Bra3il. telephone 288 7232 


Ham Gear 

Collins 51J4. general coverage receiver S595 
Collins 516 F2 power supply, new in bos $275 
Collins KWM2A transceiver etc rnd $1375 

Collins 75A4 ham tecoiver. vy good $425 

Collins 31284. Sla Cntl id. exc $250 

Collins 31285. Vlo Console exc $550 

Collins 75S3C. rnd. exc $1250 

Collins 180S1 anlenna lunei $295 

Collins 30L1. vy gd $595 

Collins 518F2. power supply $175 

Collins R-390A revrs overhauled exc cond 

call tor quole 

Collins 51 Si. 2-30 MHz revr Special 

Hammarlund SP-600JX. revr $395 

Collins CM Crystal Pack $195 

Racal6217E. 5-30 MHz receiver $1350 

Collins 32S3 ham transmitter. vy gd $650 

Harrison0 20voll/1 5 amplabpwr supplies, ea $45 
Johnson 2kw Matchbox w/swr meler $195 

Test Gear 

HP-302A wave analyze! $375 

Boonton Radio 225A sig gen . 10-500 MHz S495 
HP-200CD wide-range oscilloscope $ 150 

Measuiements Model 80 2-400 MHz $295 

Measurements Model 65B signal generator $295 
HP-202H 54-216 MHz AM/FMsig gen $695 

HP-6080 10-420 MHz sig gen $550 

Tek 564 storage scope, w/plug ins $695 

Tek 545 30-MHz scope $395 

Tek 531A scope exc $350 

Tek 851 digital lestei new. w/access call lor quole 

We stock Amateur and Professional 
equipment from manufacturers such 
as Collins. Hewlett-Packard, etc. 

All equipment sold checked 
and realigned 
Write for free catalog. 


II possible lei us know four lo six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Jusl remove the mailing label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care ol the rest 

Allow 4-6 weeks lor 
• OLHU correction 
Magazine 

Greenville. NH 03048 

Thanks for helping us to serve you better. 

|-\ r - 
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Duns #01-048-6066 

Cash plus shipping paid lor clean late 
model Motorola GE RCA mobiles 
Base Stations Accessories We also 
sell used and reconditioned equipment 
For further information contact 
Jesse La Fleur 

The Communications Center 
1629 Wyoming 
El Paso. Texas 79902 
(915) 545-1133 

Call for cash quotation 16 years of fair dealing 


For technical data and prices on complete Telrex line, write for Catalog PL-7. 

TV and Communications Antennas Since 1921 


telrex 


LABORATORIES 


P.O. Box 879 - Asbury Park. New Jersey 07712 


Phone 201-775-7252 


DX OPERATORS 


•(' ' • CUSTOM CALCULATED, PERSONAL- 

v * J l«0 BEAM HEADING AND DISTANCE 
CHART TO OVER 330 FOREIGN CALL 
AREAS AND COUNTRIES BASED ON YOUR EXACT 
0TH. UP TO DATE FOR 1979. SEND CALL SIGN AND 
S5 95 TO WILLCOMP. INC . P.O BOX 86, SOUTH 
SALEM. N. Y. 10590. N Y RESIDENTS ADO 5% 
SALES TAX. 


"MONARCH" 10, 1b, 20 Meter 
Model TB5EM/4KWP 


By the only test that means anything ... 
on the air comparison ... this array con¬ 
tinues to outperform all competition ... 
and has for two decades. Here's why 
... Telrex uses a unique trap design 
employing 20 HIQ 7500 V ceramic con¬ 
densers per antenna. Telrex uses 3 opti¬ 
mum-spaced. optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-Band performance. 


ONLY TELREX GIVES YOU ALL 

THESE FEATURES ... 

• Power rating 4 KWP ... rain or 
shine. 

• Wind rating survival 110 mph 

• Patented broad-band coaxial 
“Baiun" • 

• Heavy-duty steel gusset mounting 
plate. 

• Aluminum boom 2", 2-1/2" O.D. 
x 18 ft. 

• Large diameter, .05 8 wall taper- 
swaged dural elements for 
minimum weight and exceptional 
strength to weight ratio. 

• Stainless steel electrical hardware. 


At 50 ft. or more (above ground) a rugged Telrex 'Tri-Band" is the only 
answer to longevity ... a true money saver. 


Illustrated: Rugged gusset mounting 
plate, Broad-Band • non ferrite - 
"Baiun", and Driven Element center 
section. 


UNPOTTED TOROIDS — Center tapped 
88 MHY 5 oz. 5/$2.95; 9 02 . - 5/$3.49 
44 MHY - 5/S3.95 ALL PPD. 


m. wein/chenker 

V electronic specnllies-BOI 353. IRWIN. Pi 15642 


D&V RADIO PARTS 

YARIAbLE 4 TRIXMSw CAPAClTOiiG-*F JHOKfcS- 
• AIM WOUND SOILS-TOROIDS-FELD THmU'S- 
TUb'JLAh THIKKt.HS -KNOifi-WIRE-COUFU»GS- 
THANSMATCH COMPONENTS. 

No nlnlnun order-low cost shipping. 
Flrot clans stamp for complete flyer. 
l?80‘ W. SAHLE. FREELAND, MICHIGAN 48623 


BROADCAST EQUIPMENT 
DESIGN ENGINEERS 

Join our engineering team doing 
creative work in the areas ot small signal 
RF, video, audio console, audio process 
ing. cartridge tape equipment, tiller syn 
thesis digital, and microprocessor 
design 

We are a small well established com¬ 
pany with products distributed world 
wide We have openings for experienced 
or entry level engineers with a BSEE 
and or MSEE degree or equivalent ex 
perience We are also looking lor techni¬ 
cians and engineering assistants with an 
associate degree or equivalent training to 
work in the areas mentioned above 
"Hands on" experience with broadcast 
studio or transmitting equipment and 
amateut radio experience are helpful lor 
any ot these positions 
Broadcast Electronics. Inc is a sub 
sidiary ot Filmways, Inc and otters ex 
cellent career opportunities within a small 
progressive company We offer a friend¬ 
ly. individual oriented working environ 
ment with excellent facilities, competitive 
salaries and comprehensive benefits 

Please direct your inquiry to 
A H BOTT, Vice President ot Engineer 
ing K9HB or 

G N MENDENHALL. Manager ot Small 
Signal RF Engineering W9NEZ 


BROADCAST ELECTRONICS INC 

4100 NORTH 24lh STREET . PO BOX 3606 
OUINCY IL 62301 • PHONE (2171 224-9600 

(Equal Opportunity Employer I 


STEP UP TO TELREX 

Professionally Engineered Antenna Systems 

Single transmission line “TRI-BAND' ARRAY” 


More Details? CHECK — OFF Page 118 
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Alaska 


RELIABLE ELECTRONICS 

3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 

Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 


Arizona 


HAM SHACK 

4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 

Serving all amateurs from beginner 
to expert. Classes, sales & service. 


KRYDER ELECTRONICS 

5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 

Your Complete Amateur Radio Store. 


POWER COMMUNICATIONS 

6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 


California 


c & A ELECTRONIC ENTERPRISES 

22010 S. WILMINGTON AVE. 

SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 

Not The Biggest, But The Best — 
Since 1962. 


HAM RADIO OUTLET 

999 HOWARD AVENUE 

BURLINGAME, CA 94010 

415-342-5757 

Visit our stores in Van Nuys 

and Anaheim. 


JUN’S ELECTRONICS 

11656 W. PICO BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty — Full Service. 


QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 

Serving the world's Radio Amateurs 
since 1933. 


SHAVER RADIO 

3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 

Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 


Connecticut 


THOMAS COMMUNICATIONS 
95 KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-0811 

Call us toll free - See our full 
page ad in this issue. 


Delaware 


DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

Delaware’s largest stock of amateur 
radio equipment & accessories. 


Florida 


AGL ELECTRONICS, INC. 

1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast’s only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


MARC’S 

CENTRAL EQUIPMENT CO., INC. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 

See Marc, WD4AAS, for complete 
Amateur Sales & Service. 


RAY’S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast’s only dealer: 

Drake, Icom, Cushcraft, Hustler. 


Illinois 


AUREUS ELECTRONICS, INC. 

1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
“Amateur Excellence” 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 

OAK PARK, IL 60304 

312-848-6777 

One of America’s Largest 

Amateur & SWL Stores. 


Indiana 


KRYDER ELECTRONICS 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219-484-4946 

Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 


Kansas 


REVCOM ELECTRONICS 

6247 N. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 

New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 


Massachusetts 


TEL-COM, INC. 

675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
you can rely on. 


D / YOU SHOULD BE HERE TOO! 

JLSGa.ierS. Contact Ham Radio now for complete details. 
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Amateur Radio Dealer 


TUFTS RADIO ELECTRONICS 

209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


Michigan 


ELECTRONIC DISTRIBUTORS 

1960 PECK STREET 
MUSKEGON, Ml 49441 
616-726-3196 

Dealer for all major amateur 
radio product lines. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest's Fastest Growing Ham 
Store, Where Service Counts. 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 

For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 


Nebraska 


COMMUNICATIONS CENTER, INC. 

443 NORTH 48 ST. 

LINCOLN, NE 68504 
800-228 4097 

Kenwood, Yaesu, Drake and more 
at discount prices. 


Nevada 


COMMUNICATIONS CENTER WEST 

1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 

Kenwood, Yaesu, Drake and more 
at discount prices. 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55”. 


METUCHEN RADIO 

216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 

New and Used Ham Equipment 
WA2AET "T" Bruno 


RADIOS UNLIMITED 

1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey's Fastest Growing 
Amateur Radio Center. 


THE BARGAIN BROTHERS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 

A million parts - lowest prices 
anywhere. Call us! 


New York 


AM-COM ELECTRONICS INC. 

RT. 5 

NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 

The Mohawk Valley’s Newest & 
Largest Electronics Supermarket. 


GRANO CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 


HAM-BONE RADIO 

3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 

We deal, we trade, all major brands! 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
Toll Free 800-448-7914 
NY f 315-337-2622 
Res. ( 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH. 


Ohio 


AMATEUR RADIO 

SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 


Oklahoma 


KRYDER ELECTRONICS 

5826 N.W. 50TH 

MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 

Your Complete Amateur Radio Store 


RADIO STORE, INC. 

2102 SOUTHWEST 59th ST. 

(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 

New and used equipment -— 
parts and supply. 


Pennsylvania 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 

Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 


“HAM" BUERGER, INC. 

68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
215-659-5900 

Delaware Valley’s Fastest Growing 
Amateur Radio Store 


HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for 30 Years. 
Call Toll Free 800-523-8998. 
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LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717 343 2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 


Tennessee 


GERMANTOWN AMATEUR SUPPLY 

3203 SUMMER AVE. 

MEMPHIS, TN 38112 
800 238 6168 
No monkey business. Call 
Toll Free. 


Texas 


AGL ELECTRONICS 

3068 FOREST LANE. SUITE 309 
DALLAS. TX 75234 
214-241-6414 (within Texas) 
Out-of-State, Call our toll free 
number 800 527-7418. 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 
FT. WORTH. TX 76112 
817-461 9761 
Your Full Line Authorized 
Yaesu Dealer. 


TRACY'S ELECTRONIC MODULE 

5691 WEST CREEK DRIVE 
FORT WORTH. TX 76133 
817-292-3371 
We Handle and Service 
All Major Lines. 



:© k,i,o%o,u © 
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Featuring Yaesu, Icom, Drake, Atlas, Ten-Tec, Swan, DenTron, Pace, Palomar. Alda, Midland, 
Wilson, KDK, MFJ, Microwave Module, Standard, Tempo. Astron, KLM, Hy Gain, Mosley. 
Larsen. Cushcralt, Hustler. Mini Products, Universal and Trlstao Towers We service every 
thing we sell 1 Write or call lor quote You Won’t be Disappointed. 

We are just a lew minutes oil the NYS Thruway (1-90) Exit 32 


Warren 

K2IXN 

Call Toll Free. 1-800-448-7914 


ONEIDA COUNTY AIRPORT TERMINAL BUILDING 
ORISKANY, NEW YORK 13424 


ISKANY, NEW YORK 13424 WA2MSM 

New York State Residents Call: 315-337-2622 or 315-337-0203 



^ ULTRA TUNER 



ULTRA TUNER DELUXE 


The new SST T 4 Ultra Tuner Deluxe 
matches any antenna coax fed or 
random wire on all bands (160 10 
meters) Use it with your dipole, vertical, 
beam, etc. It works with any transceiver 

Tune out the SWR on your antenna for 
more efficient operation of your rig One 
antenna can even be used (or all 
bands. The SWR on mobile whips can 
be tuned out from inside your car 

An easy toread two color meter scale 
provides convenient indication of SWR 
for easy tuning A back panel antenna 
switch allows you to select between two 
coax fed antennas, a random wire, or 
tuner bypass 

The SST T-4 Ultra Tuner Deluxe is com 
pattble with any rig- solid state or tube 
It’s compact size (9” x 21/2” x 5") 
makes it ideal for mobile, portable, or 
home operatxjn. Features an attractive 
bronze finistied enclosure and exclusive 
SST styling 

Compare features, quality, and price 
SST antenna tuners are your best value. 
This is out seventh year of manufactunng 
compact antenna tuners 


Features: 

• Matches any antenna coax fed or 
random wire 18 30 MHz 

• 300 watt output power capability 

• SWR meter 

• Antenna switch on back panel. 

• Efficient tapped inductor 

• 208 pf lOOOv capacitors (or flexible, 
reliable operation 

• Johnson binding posts Four SO 239 
connectors 

• Bo/tin included for balanced lines. 

• Made in USA 

only $6 9.95 


New model T 4A covers 80 10 meters 
Limited range on 80 meters (fine for use 
with any antenna resonant in the 80 meter 

h ‘ ,n(l) only $59.95 


Available now at your SST dealer or 
order direct information on following 
page 

ELECTRONICS 
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490-T Ant. Tuning Unit 

(Also known as CU1658 
and CU1669) 


WANTED FOR CASH 


RADIO SET CONTROL 
C 3866/SRC 

We stand on our long term offer to pay 5% more 
than any other bonafide offer. 

See last month's ad lor other items available 


Highest price paid (or these units. Harts purchased 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105 and some aircraft 
units also required. 


r 618-T Transceiver 

(Also known as MRC95, 

variable ARC94. ARC102. or VC102) 

DCO, INC. 

10 Schuyler Avenue No. Arlington. N J. 07032 
(201) 998 4246 Evenings (201) 998 6475 


TFM] RANDOM WIRl ANTENNA TUNER 


All band operation (160 10 meters) 
with any random length of wire. 200 
watt output fxiwer capalxlity will 
work with virtually any transceiver 
Ideal tor portable or home otxration 
Great (or apartments and hotel 
rooms siui{)jy run a wire inside, out 
a window, oi anyplace <ivailabie U 
fident toroid indue tor tor small size 
4 ‘/r x 2\“ x 3", and negligible loss 
Built in neon tune-up indicator. SO 
239 connector Attractive* bronze fin 
ished enclosure 

only $29.95 


SST T-2 ULTRA TUNER 


Tunes out SWR on any coax fed antenna as well as 
random wires. Works great on albands (8010meters) 
with any transceiver running up to 200 watts powrr 
output. Includes h dun foi balanced lines 
lr xt eases usable bandwidth of any antenna Tunes 
out SWR on mobile whips from inside your car 
Uses efficient taj>ped inductor and specially made ca 
pantors for small size. 5! / x 2f i' x 2^' Rugged, yet 
compact. Negtaible line loss. Attractive bronze finish 
ed enclosure. S0239 coax connectors are used for 
transmitter input and coax fed antennas Convenient 
binding posts are provided for random wire and 
ground connections 


SST T-3 Mobile Impedance Transformer 

Matches 52 ohm coax to 
the lower impedance of a 
mobile whip or vertical 
12 position switch with 
laps between 3 and 50 
ohms. 2 30 MHz 300 

$ 19.95 watt output 2V x T x 


only $39.95 


TO ORDER: 

Send a check or money order or use your 
Master Charge or VISA card COD and credit 
card orders are also accepted by phone Smply 
give us your card number and expiration date 
Our phone order desk is open at most liours for 
your convenience and so that you can take ad 
vantage of the very low before/after hour phone 
rates 

GUARANTEE: 

All SST pnviirts -ire unrrxxiitiorudly guaranteed 
lor 1 year In addition, they may be returned with 
m 10 days lor a lull refund (less stopping) tf you are 
not satisfied lor any reason 


SST DL-1 K4RU DUMMY LOAD - -J' 

The DL I is 6 unique chximal dummy load 1 

Unlike rtievky «nl tillvd dummy it will not 

U*.ik Sealed, ready l<» u%r M.i» 11)00 walls 
PEP tor 15 mc SWK W**»* than 15 11 225 i 
MU/ Porlabk* only 3'C x 4'*” 

only $1 7.95 L. 


Call (21313765887 or 379 9572 to order 
C.O.D.. VISA or Master Charge 

or send to: SST Electronics, 

PO. Box 1. Lawndale, Calil 90260 

Please add $3 for shifting and Itandlmg (V, Air 
mail Worldwide) CaWorrua residenis. please add 
sales tax. $1 charge (or COD 

Name_ 

Street_ 

Gly_ Stale _ Zip_ 

Models Desired Total Enclosed 

_S _ 

or charge to DVISA DM C DC O D 
Card » Exp Date 


2 METER SSB 

MOBILE ANTENNA 

The SST HA 2 »s a full half wave, horizontally 
polarized omnidirectional 2 meter antenna With 
the horizontal polarization standard, the HA 2 is 
a must lor 2 meter SSB mobile With the vertxal 
horizontal adapter option, use it with your EM 
rig too! 

Although the SST HA 2 was designed for mobile 
operation it will work well as a fixed or portable 
antenna—its small size provides the traveling 
ham with an antenna that can easily Ik* packed in 
a briefcase 
Features 

• Mobile, portable, or fixed operation 

• horizontal or vertical polarization with 
operational adapter 

• Greater than 3 5 MHz bandwidth 

• Less than 1 5 1 VSWR 

• High performance additional data avail 
able on request 

• Solid construction built to last 


HORIZONTALLY POLARIZED ANTENNA 

Impcdwk » matching i% ax >« l»y m*-an» trf a pur aripnifd 

match and a vartaNv tap.* itoe TNr HA 2 inmr» com|4<-tr 
«"'h RG'54. which n orally ted lluuoqh thr tenter at frv ruaM 
HVlitin IT 2S9 (OAn corMttrttx. And 3'R 24 *fud mount Thr HA 7 
•a* Mrt'Hlotd mount* Otr m ommmdrd tarn •fulft’t rrvjunl i\ 
available a* an oftfnn AHo optimal t» a *rrt«al hmuortfal •cU|Rrt 
wh*h a&>iw* rliangrovr* to hr madr tn tnmin wlh a virw dmr» 

only $39.95 

GM I gutter mount $5 95 VH I vertical/ 
horizontal adapter $5 95 


More Details? CHECK-OFF Page 118 
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Brand New 4th Edition 

CONFIDENTIAL FREQUENCY LIST 

Here's a necessary companion to any general cover¬ 
age receiver. This completely new edition ol the 
very popular CFL is the most recent listing of sta¬ 
tion frequencies, call signs, locations, emission 
modes and power tor just about any non-ham signal 
you can pick up Irom 4 to 26 MHz Stations are 
listed by frequency tor easy identification and loca¬ 
tion. From foreign military to weather broadcasts, 
the CFL is 96 pages of the most up-to-date short¬ 
wave listening information available 96 pages 
©1979. 

□ 6L-CF Sottbound $6.95 

Available March 1979 


HAM RADIO MAGAZINE FILES 


OPERATOR’S PACKAGE 

Here is a collection of books which no ham should be without. Whether you're a begin¬ 
ner or old-timer. DXer or Ragchewer. you'll find much valuable information in this 
package. Included is: 

1| The 1979 U S Callbook with the listings of 374,487 U S Hams, including 41.245 new listings 
and over 100.000 listing changes To keep up with all the new hams and new calls, you need the 
latest edition ot the Callbook 2) The ARBI Operating Guide Separate chapters cover basic operating 
skills needed tor handling emergency and message traffic, using repealers. DXing. contesting, QRP 
mg. and other subiects 3) Band Aids compiled by James Dersh. WD0AJE a collection ot 60 different 
operating aids charts, and tables including the National Traffic System listing, a decibel ratio chart 
Ohm s law table ot lormulas. WWV and WlAW operating schedules and much more all in one 
handy spiral book 4) Two Ham Radio Log Books — each has space lor over 2 000 entries or a total 
ot over 4.000 OSOs! Vou also get 0 signals, international prefixes and the amateur treguency spec 
trum chan all spiralbound lor easy use 
Tht Operator's Package — an incredible 
amount of information for $27.95. 


$31.40 

Value 


SPECIAL <C 97 QC 
JUST f .JJ 


U S Callbook 
ARRl OP Guide 
Band Aids 
2 HR Logs 


SIS 96 
4 00 
7 95 
3 50 


□ HR-OPER 


Your collection ot HAM RADIO Magazines is a 
valuable resource. Here's a brand new. inex¬ 
pensive way to store them. These sturdy 
cardboard magazine tiles keep them clean, 
neat and up front where you can use them tor 
quick and easy reference 
□ HR-HRMF $1.95 each. 3/S4.95 



IN A HURRY? 

ORDER 
TOLL FREE Z 
1 - 800 - 258-5353 



■I 

1 

VISA 

\ - mm 

P55 

1 T«--(IM 1 . 




Already BEST SELLERS from the ARRL 

FM and REPEATERS FOR 
THE RADIO AMATEUR 
by the ARRL Stalt 

This is a completely new and updated 
version of the mobile operator's favorite 
This new edition features the latest in FM 
technology and design theory, highlighted 
by microprocessor control circuitry and a 
phase-lock loop 2-meter transceiver More 
on FM — receivers, transmitters, 
antennas and repeater operation If you 
are into FM. get this book today! 176 
pages ©1978. 

□ AR-FM Sottbound $5.00 

THE ARRL ANTENNA 
ANTHOLOGY 

by the ARRL Staff 

This brand new book pulls together a wide 
selection ol antenna articles from QST 
Written tor Amateurs of all levels and 
interests Included are phased arrays, 
verticals. Yagi's even the VHF Ouagi' 

Detailed instructions and full illustrations 
make this a really useful book for any 
antenna buff 152 pages ©1979 

□ AR-AA Sottbound S4.00 
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-Spring has SPRUNG!!! 

Tune Up for Antennas 


NOVICE INSPIRATION 
Great Licensing Aids 


THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr W6SAI and Stuart D Cowan. W2LX 

HP-AH One ol Amaleur Radio s most notable authors Bill Orr 
W6SAI has i ombined with W2LX to provide you with a clearly written 
understandable Dook on antennas All types o! beam quad horizontal 
and sloping wire antenna inlormation is included in this usetui volume 
Location decisions height ground loss lowers rotors SWR meter 
leading 


w1tH W H°AM D RADIi^^*ii > 
by ARRL Stall 

learn what Amaleur Radio is how to pass your Novice 
exam and how to talk to olhei hams in the U S and 
around the world Tune in the World With Ham Radio gives 
an exciting overview ol ham radio highlighting various 
facets ol this great hobby in addition it has everything 
you need to pass the novrce exam trout a plain talk 
basic radio electronics manual and study guide to a Morse 
Code cassette instruction course - here in one package 
Tens ol thousands ot hams have started with this package 
LAR-HR Complete package $7.00 

Includes booklet study guide and cassette tape 


it s all here m one great book 148 illustrations charts and 
diagrams An antenna book you nave tust gol to read' 190 pages 
1978 Soltbound $6.95 


HOME-BREW HF/VHF ANTENNA HANDBOOK 
by William Hoot). W2FEZ 

T-963 A do it yourself antenna book primarily designed tor someone 
with a wo'kmg knowledge ol antennas although the tirsl chapter oilers 
excellent basic reference inlormation transmission lines couplers til 
lers mobile antennas compact antennas directive antennas and many 
more A practical usable book sure to get lots ot use ?10 pages 
1977 Softbound $5.95 


THE ANTENNA CONSTRUCTION HANDBOOK FOR 
HAM, CB & SWL 
by Rutus P Turner 

T-1054 One ot the most complete antenna-building books available 
There s design data diagrams and how to build it instructions to cus 
torture and install your own antenna Elementary theory tests and 
measurements and construction notes plus over 80 antenna ideas' 237 
pages t973 Softbound $5 95 


COMMUNICATE 
WITH THE WORLD 
THROUGH HAM RADIO r J 
from Ameco 'jL\ 

Here s a complete sim- u; 

pie novice license course JSSg* i 

nol requiring any lecnm —' .•£ ^ 

cal background One ol ytv--- 

Ihe very best available It —-- 

you know enough about 

ham radio to want to get started immediately, then this pack 
age is tor you It contains Ameco s popular Novice Theory 
Cuuise as well as a Morse Code training package featuring a 
cassette tape and 3? page instruction booklet Radio theory 


SIMPLE. LOW-COST WIRE ANTENNAS 
by William I. Orr. W6SAI 

C BP-WA This 192-page book describes over 40 horizontal vertical 
and multiband trap antennas Invisible antennas tor apartment houses, 
high gain beam antennas, novice antennas, tuners and ground sys 
terns it's all here in this exciting, revised edition by the ' antenna 
expert 192 pages ©1972 Softbound $4.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
by William I. Orr. W6SAI 

RP-CO Long considered "THE BOOK on Quads this edition has 
more inlormation on these antennas than you will lind anywhere else 
Everything you need to design, build and adjust your Quad lor top per 
tormance 112 pages ©1977 Softbound $4.75 

BEAM ANTENNA HANDBOOK 
by William I. Orr. W6SAI 

□ RP-BA For many years this book has been the best seller on beam 
antennas il covers all areas ol the subject both theory and practice 
Recommended by such lamous DXers as W4BPO. W2AB W4KFC and 
5Z4ERR 198 pages ©1977 Softbound $4.95 

All 3 Orr Books Just $12.95 


Amateur Radio’s 
highly popular Logbook 

Order yours and see why! 


LOGBOOK 

from The Ham Radio Publishing Group 

Ham Radio s new Log Book is a tool you just can t do 
without W-th loom lot ovei twice as many entries as 
otne' popular log pooks this log cove's more man 
2 000 contacts there s sharp ruling loo lor all FCC 
required inlormation plus extra space tor the name 
and address Ol each station you contact For con 
testers there is a consistent 30 entries pei page loi 
easy scoring In addition there is a handy Irequency 
spectrum chart showing me exact privileges tor each 
Amateur license hand p'lviieges horn novice to extra 
plus a listing ol an worldwide Amaleur prefixes cur 
'enity m use Ang it s all spnalPound to lie Hat on 
your npeiatinq laple this is unquestionably me best 
log book value anywhere 8‘ x 11 80 pages 

1978 

HR-LB2 Spiralbound $1 75 


HAM RADIO'S 
BOOKSTORE CATALOG 

Amateur Radio s most complete 
source tor license study guides 
code practice tapes and operating 
aids from every ma/or electronics 
publisher Send postcard with 
yout name and address or check 
oil box on order card 
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TERMS ALL PRICES FOB HOUSTON PRICES 
SUBJECT TO CHANGE WIIHOUT NOTICE AIL 
HEMS GUARANTEED SOME ITEMS SUBJECT TO 
PRIOR SALE SEND LETTERHEAD FOR AMATEUR 
DEALER'S PRICE LIST TEXAS RESIDENTS ADD 
6% TAX PLEASE ADD POSTAGE ESTIMATE 

MADISON 

j ELECTRONICS SUPPLY, INC. 

1508-D McKinney Houston, texas 77002 

713/658-0268 NITES 713/497-5683 


WRITE IN 
YOUR 

BEST QUOTE 
FROM THE 
"800 GANG.'' 


NOW. LIST THE EQUIPMENT 
YOU WANT IN THE SPACES 
PROVIDED BELOW, CUT OUT 
THIS AD, AND SEND IT TO 
US WITH YOUR NAME. AD¬ 
DRESS AND TELEPHONE 
NUMBER. WE WILL WRITED 
OR CALL □ (CHECK ONE) 
YOU BACK AS SOON AS POS¬ 
SIBLE WITH THE MADISON 
QUOTE. 

(HINT: DON'T GO BELOW 
OUR COST). 

WE HAVE AN IN-DEPTH 
STOCK AND LARGE INVEN¬ 
TORY OF MAJOR LINES AND 
ACCESSORIES. 
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sure you can buy a cheaper linear.. 
But is that really what you want? 


You can buy a so-called "maximum legal power" linear lor 
quite a bit less than the price ot an ALPHA What makes 
the ALPHA worth more . or the other model less? 
TALK TO AN ALPHA OWNER — Notice how scarce used 
ALPHA'S are? Owners are rarely willing to part with them, 
and will be delighted to tell you why. 

CHECK ETO's TWO YEAR (limited) WARRANTY- Others 
give you 90 days. But EIGHT TIMES as much protection 

is only part of the ALPHA warranty / _ 

story: there's also a clear message 
about durability. 

NO ALPHA 76/374/77D OWNER HAS 
EVER BURNED UP A POWER TRANS 
FORMER, despite our No Time Limit 
(NTL). lull power key down rating 
Maybe it's because our '76A 
translormer is nearly TWICE the si<?e 


ET- 



ALPHA/VOMAX can 
boost the "talk power" 
ol any rig up to ten 
limes or more The 
new SBP 4 spill band 
speech processor uses 
the only system more 
effective than rl clip¬ 
ping — AND distortion 
is extremely low so your voice sounds nalu 
ral Under tough conditions VOMAX can help 
as much as most linears Combine VOMAX 
with a good linear and WOW It's simple to 
install and opeiale with any rig 


of those in competitive desk top amplifiers and is cooled 
by ETO's lull-cabinet, ducted-air system to boot 

LOOK INSIDE AN ALPHA — the difference in quality and 
ruggedness is conspicuous. Big coils axial-flow cera 
mic triodes Ihoroughly cooled by a centrifugal blower 
yet ETO's new acoustic isolation blower system makes 
the ALPHA 76A series now even quieter than ever before 

EFFICIENCY, versatility, ease of operation, resale value 

_ the story of ALPHA superiority goes 

on. Before you decide on a new linear, 
get all the details from your dealer or 
ETO direct And ask for our free guide. 
"Everything You Always Wanted to 
Know About {Comparing) Linears . 
But Didn't Know Whom to Ask ." Finally, 
do talk to an ALPHA owner look for 
him on top ot the nearest pile-up. 


Ehrhorn Technological Operations, Inc. 

P O Box 708 ■ Canon City. Colorado 81212 • (303) 275 1613 






ANTENNA VALUES 
FROM LONG’S 
1 - 800 - 633-3410 



KLM Tribander KT-34 

Covers 20m 15m 10m. gain 7dB over a dipole VSWR belter than 
15 14 elements on each band 4 KW PEP wind area 6 sq ft 
boom 16 11 x 3 ". turning radius IS It max element length 24 It 
2" o d mast or larger recommended F'8 20 dB or better 

349.95 Call lor quote 


MOSELEY TA-33 Jr. 

Covers 10.15.20 meters. 3element beam 
features Gain 10 1 dB (over isotropic 
source) E B 20dB 1KWPEPSSBinput. 
VSWR at resonance 15 1 or better 
longest element 2611 8 in wind surface 
4 0 sq It 

197.00 Call lor quote 



'HY-GAIN 
TH6DXX 
The Ultimate tribander 

Gam 8 7 dB • Eront-to-back ratio 25 dB 
• SWR (at resonance) less than 15 1* 
Number of elements 6 • Frequency 10 
15 and 20 meters • Longest element 
31 1 • Boom length 24 • Wind load at 80 
m p h . 207 lbs • Surface area 8 09 sq fl 
Baiun BN 86 recommended 15 95 

296.95 Call lor quote 


HY-GAIN 5-element monoband 
20m beam antenna 

5 elements up to 36’ long spaced on a 34’by 2 diameter boom 
bandwidth 400 KHz average gam 11 6boom length 34 ft longest 
element 36 5 turning radius 25 It windload 230 surface area 9 
ft F B 20 dB input impedance 50 ohms 

289.95 Call lor quote 


CUSHCRAFT A147-11 
2m antenna 

The ll-element antenna »s rated at 1000 
watts with direct 52 ohm teed and PL-259 
connectors Boom lenafh 144 ins 
Longest element 40 ms Gain F B ratio 
dB 13 2 Freq 146-148 MHz Wind area 
1 21 sq It 

36.95 Call for yours today 


KLM 144-148 13LB 
2 meter antenna 

Has 13 elements covers 144-148 MHz 
gam 15 5dBd VSWR less than 12 1 leed 
impedance 200 ohm balanced boom 
length 21 5 It center mounting max 
mast size 2 ins 4 1 balun for 50 ohm 
coax feed supplied with the antenna 

69.95 Call lor yours today 


CUSHCRAFT ARX-2 
2m antenna 

Three waves in phase and a • 
wave matching stub Extremely 
low angle of radiation tor better 
signal coverage Tuneable over a 
broad freq range Matched to 52 
ohm coax 

39.95 Call for yours today 


CUSHCRAFT || 

ATB-34 

HF 4-element beam 

Catch DX instead of chasing DX with the 
ATB 34' • Covers 10 15 and 20meters* 
High-Q coax traps rated lor 2 Kw powei • 
Direct 52 ohm feed thru 1-1 balun * 
Forward gain 7 5 dB all bands * Front- 
lo-backratio 30dB« Turn radius 18*9 • 
Wind survival 90 MPH 

259.95 Call for quote 


Longs Electronics © 

MAIL ORDERS PO BOX 11347 BIRMINGHAM AL 35202 • STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U S A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday. 
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ALL NEW 

FT-IOIZD 

HIGH-PERFORMANCE HF TRANSCEIVER 

Today’s technology, backed by a proud tradition, is yours to enjoy in the 
ali-new FT-101 ZD transceiver from YAESU. A host of new features are teamed 
with the FT-101 heritage to bring you a top-dollar value. See your dealer today 
for a “hands on” demonstration of the performance-packed FT-101ZD. 



ped for SSB and CW 
lion Choice of wide or 
n bandwidth for CW (with 
tal CW filter installed) 


TX. RX. or transceive frequency 
offset from main dial frequency 


Continuously variable IF band¬ 
width 300 Hz to 2.4 KHz 


Select switches for use with 
FV-901 DM synthesized scan¬ 
ning VFO (option). FV-901 DM 
provides scanners plus 40 fre¬ 
quency memory bank. 


n, threshold adjustable, 
blanker 


Full band coverage 160 through 
10 meters, plus WWV/JJY 
(receive only) 


st front 
:ase 


In. fully adjustable. VOX 
try - 


Rugged 6146B final amplifier 
tubes with RF negative feed¬ 
back 


n RF speech processor 
>re “talk power when you 
It - 


RF and AF gain controls located 
on concentric shafts for 
operator convenience 


panel, plus heavy 


Digital plus analog frequency 
readout. Digital display resolu¬ 
tion to 100 Hz 


SPECIFICATIONS 


TRANSMITTER 

PA Input Power: 

100 watts DC 

Carrier Suppression: 

Better than 40 dB 

Unwanted Sideband Suppression: 

Better than 40 dB @ 1000 Hz. 14 MHz 
Spurious Radiation: 

Better than 40 dB below rated output 
Third Order Distortion Products: 

Better than 31 dB 
Transmitter Frequency Response: 
300-2700 Hz ( 6 dB) 

Stability: 

Less than 300 Hz in first 30 minutes after 10 
nin warmup: less than 100 Hz after 30 minutes 
aver any 30 min period 

Negative Feedback: 6 dB @ 14 MHz 
Antenna Output Impedance: 

50-75 ohms, unbalanced 


GENERAL 

Frequency Coverage: 

Amateur bands from 1 8-29 9 MHz. plus 
WWV/JJY (receive only) 

Operating Modes 
LSB. USB. CW 
Power Requirements: 

100/110/117/200/220/234 volts AC, 

50/60 Hz; 13 5 volts DC (with optional DC-DC 
converter) 

Power Consumption: 

AC 117V: 75 VA receive (65 VA HEATER OFF) 
285 VA transmit; DC 13 5V' 5 5 amps receive 
(11 amps HEATER OFF). 21 amps transmit 

Size: 

345 (W) x 157 (H) > 326 (D) mm 

Weight: 

Approximately 15 kg 

COMPATIBLE WITH 
FT-901DM ACCESSORIES 


RECEIVER 

Sensitivity: 

025 uV for S/N 10 dB 

Selectivity: 

2.4 KHz at 6 dB down. 4 0 KHz at 60 dB down 
(1.66 shape factor); Continuously variable be¬ 
tween 300 and 2400 Hz (-6 dB); CW (with 
optional CW filter installed) 600 Hz at 6 dB 
down. 1 2 KHz at 60 dB down (2:1 shape factor) 
Image Rejection: 

Better than 60 dB (160-15 meters): Better than 
50 dB (10 meters) 

IF Rejection: 

Better than 70 dB (160. 80. 20-10 m); Better 
than 60 dB (40 m) 

Audio Output Impedance: 

4-16 ohms 

Audio Output Power: 

3 watts @10% THD (into 4 ohms) 


orm d 

Price And Specifications Subject To 
Change Without Notice Or Obligation 


msgy 


The radio. 


v4r/ 

YAISO 

V 

379X 


YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 • (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.9812 Princeton-Glendale Rd.,Cincinnati, OH 45246 


























